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ABSTRACT
This thesis provides insight on best management practices for a longleaf pine
restoration project occurring at the Camden Battlefield and Longleaf Pine Preserve
(hereon referred to as the Camden Battlefield or battlefield). Chapter one is a literature
review to summarize all the knowledge collected to design, implement, and analyze the
work conducted in the subsequent chapters. Chapter two aims to identify and quantify the
vegetative species currently found at the battlefield, to characterize vegetative and soil
conditions before and after a prescribed fire to part of the battlefield, and to establish a
monitoring protocol that could be done indefinitely in conjunction with the restoration
management plan to record how the habitat changes. Chapter three presents experiments,
done at the battlefield and in a greenhouse, comparing different seed sources of the
regionally important bunchgrass species little bluestem (Schizachyrium scoparium
(Michaux) Nash) and site preparation techniques to advise how to best increase the local
population with broadcast seeding. Chapter four is an attempt to connect a broader
audience to an endangered, unique ecosystem by creating online environmental resources
highlighting the ecology of the longleaf pine savanna and dispersing them to local and
national interest groups to provide educational content during a global pandemic
(COVID-19).
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CHAPTER ONE: Literature Review on Longleaf Pine History, Restoration,
Vegetative Communities, and Educational Outreach, Centered on the Camden
Battlefield and Longleaf Pine Preserve

INTRODUCTION
Prior to European colonization, longleaf pine (Pinus palustris Mill.)
ecosystems were the dominating forest type throughout the southeastern United States.
These open structured, highly diverse communities were maintained by semi-frequent
(i.e., 1-3 years) surface fires that were managed by Native American tribes or naturally
ignited by lightning. Due to such limiting factors as fire exclusion practices, excessive
seedling herbivory from livestock, and other anthropogenic influences, present day
longleaf pine ecosystems cover only 3% of their historic range. Many private and public
organizations are working to restore degraded or altered southern forests to their historic
longleaf pine. One such project is at the Camden Battlefield and Longleaf Pine Preserve.
Located in Camden, South Carolina and being led by the Historic Camden Foundation in
collaboration with Forest Land Management, Inc., this restoration project aims to revert
the 476-acre battlefield of various stand compositions back to longleaf pine savanna. This
area is of interest to the restoration ecology community given its uniqueness, being
located within the Carolina Sandhills ecotone and the mysterious “Wiregrass Gap” – a
latitudinal strip spanning across South Carolina that lacks wiregrass (Aristida stricta
Michx. and A. beyrichiana Trin. & Rupr.), the dominating grass species characteristic to
most longleaf pine forests.
We first conducted a literature review (Chapter One) to better understand the
background on the ecological, hydrogeographical, cultural, and historical aspects of the
area. Following this, we sought to assist this restoration project in three ways: quantifying
the current vegetative communities present (Chapter Two); guiding initial reseeding
efforts in seed source selection (Chapter Three); and connecting students to the ecological
importance of this ecosystem type (Chapter Four). In Chapter Two, we surveyed 25 plots
in 2019 and 2020 throughout the battlefield’s five major stands (i.e., loblolly plantation
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and mixed pine-hardwood) for richness, abundance, and diversity within the overstory,
midstory, and understory forest layers. We also surveyed thinned plots pre- and post-burn
to follow any changes in community composition. We found significant differences
between the stand type overstories and subsequently there were significant differences
between the understories, with thinned plots having greater richness and diversity. We
also found that post-burn conditions were significantly different than the pre-burn
conditions as well as the untouched loblolly plantation communities. We calculated
Sorenson’s Coefficient and Simpson’s Diversity Index to aid in our analysis, as well as
collected soil data to further understand the present-day site conditions.
Chapter 3 involved field and greenhouse experiments to determine if local
seed for little bluestem (Schizachyrium scoparium (Michx.) Nash) should be prioritized
for reseeding initiatives or if commercial produced seed would be adequate in increasing
the battlefield’s population. We tested seeds collected in fall of 2019 (CAM) to seeds
purchased from Roundstone Native Seed Company (RS) across the 2020 growing season
under various site preparation strategies: discing (i.e., removing above- and belowground
competition), raking (i.e., removing aboveground competition), and nothing (i.e., leaving
the area undisturbed). We set up field trials of five experimental grids composed of eight
treatment plots that were administered one of the aforementioned strategies and
broadcasted with either local or commercial seed. We found that initially there were more
plants established in RS plots, but from end of June until the end of the growing season
there were more plants present in CAM plots. This difference was significant by the final
measuring stint in October. Our greenhouse experiment added some context to this, with
CAM plants having significantly greater root-to-shoot ratios in respect to both length and
width. We believe that this initial prioritization aided local plants in establishing and
persisting at the Camden Battlefield, and infer that reseeding initiatives occurring in the
Carolina Sandhills should consider prioritizing locally collected seed.
Chapter 4 involved creating a virtual environmental education program for
middle school aged students (i.e., grades 4-9) for teachers and families to utilize in an
effort to remotely connect a wider audience to an endangered but ecologically significant
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ecosystem type. We created an interactive website composed of videos, activities, and
resources aligned with the South Carolina Academic Standards and Performance
Indicators for Science to achieve four goals: to improve environmental literacy

(specifically regarding knowledge about longleaf pine savanna ecosystem), to increase
environmental affinity (to the natural world in general), to introduce and encourage
environmentally conscious behavior actions, and to provide quality environmental
education opportunities. We created surveys to quantitatively analyze our success,
however due to the limited response we critiqued our efforts based on qualitative
feedback received in the form of direct messages and emails. We found that the majority
of users had a positive response to the website, and we believe this strategy could be
applied to education and outreach initiatives to connect the general populace with any
environment.
For the duration of this literature review, information relevant to all three research
chapters will be presented in Section 1 (Longleaf Pine Savanna), and topics specific to an
individual chapter will be discussed within that chapter’s respective section (i.e., Section
2, 3, or 4).
1. Longleaf Pine Savanna
Before European colonization in North America in the 1500s, the longleaf pine
savanna was one of the most dominating forest types in the contingent United States
(Brockway & Lewis, 1997; Landers, Van Lear, & Boyer 1995; Packard & Mutel, 1997;
Peet, 2006; Wahlenberg, 1946). Historically, this ecosystem’s range spanned from
southern Virginia south to central Florida, and as far west as eastern Texas, the presettlement range spanning 412 counties across nine states (Brockway et al., 2005; Frost,
1993; Jose, Jokela, & Miller, 2006; Landers, Van Lear, & Boyer 1995; Peet & Allard,
1993; Peet, 2006; Van Lear et al., 2005). This forest type traversed over a wide array of
environmental conditions characteristic to the southeastern U.S., ranging from wet, flat
bottomlands to dry, rocky upland slopes (Jose, Jokela, & Miller, 2006; Landers, Van
Lear, & Boyer 1995; Peet and Allard, 1993; Van Lear et al., 2005). The entire historic
range of longleaf pine is difficult to summarize with certainty, but it is estimated to have
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covered a total area of approximately 37 million hectares, 23 million of which had an
overstory composed solely of longleaf pine (Pinus palustris Miller) (Frost, 1993; Jose,
Jokela, & Miller, 2006; Peet & Allard, 1993). The current range of this ecosystem is
significantly less, due to fire exclusion, turpentine production, excessive hog herbivory,
and intensive land modifications from natural settings to agricultural, residential, and
industrial properties by European colonizers (Brockway & Lewis, 1997; Landers, Van
Lear, & Boyer 1995; Wahlenberg, 1946; Wakeley, 1954; Way, 2006). Frost (1993),
Brockway & Lewis (1997), and Peet (2006) estimate the presence of the longleaf pine
savanna has decreased over 97% from its historic range and is now considered the United
States’ third most endangered ecosystem type (Brockway & Lewis, 1997; Brockway et
al., 2005; Frost, 1993; Jose, Jokela, & Miller, 2006; Peet, 2006; Peet and Allard, 1993;
Van Lear et al., 2005). This extreme loss has consequently decimated the populations of
plant and wildlife species endemic to the longleaf pine savanna, spurring restoration
projects throughout the South (Frost, 1993; Landers, Van Lear, & Boyer 1995; Van Lear
et al., 2005).
The longleaf pine savanna is an interesting forest community ecosystem,
comprised of three major parts: a semi-frequent, low-intensity fire regime, an openstructured longleaf pine-dominated overstory, and an incredibly diverse vegetative
understory (Jose, Jokela, & Miller, 2006; Landers et al., 1995; McIntyre et al., 2008;
Way, 2006). Natural forest fires are a common occurrence in North America, especially
in the western and southeastern regions (Landers, Van Lear, & Boyer 1995; Komarek,
1968; Ryan, Knapp, & Varner, 2013). In the South many are initiated by lightning, with
the Gulf Coastal Plain said to receive the highest number of annual lightning strikes
compared to the rest of the United States (Komarek, 1968, 1973; Van Lear et al., 2005).
Botanical systematists and evolutionary biologists believe this climatic phenomenon has
been regularly occurring for a millennia, the evidence for this being the numerous fire
tolerant adaptations observed in many of the region’s endemic plant species (Collins,
1987; Landers, Van Lear, & Boyer 1995; Limb et al., 2011; Komarek, 1968; Means,
2006; Peet, 2006). Unless an area is suffering from drought-like conditions, the fires
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naturally ignited by lightning (and in rare instances, spontaneous combustion of
decomposing organic matter) tend to be low-intensity surface fires, creeping along the
ground by way of consuming woody debris and the herbaceous understory (Komarek,
1973; Landers, Van Lear, & Boyer 1995; Way, 2006). This irregular movement produces
a wide array of impact throughout a forest, creating a mosaic landscape of increased
horizontal and vertical vegetation diversity (Collins, 1987; Komarek, 1968). Fire as a
natural disturbance has numerous advantages for a forest, including: clearing the ground
for new vegetation establishment and germination; encouraging growth of new shoots,
leaves, and reproductive bodies for many grasses and forbs; improving forage quality for
ruminants; enhancing habitat for wildlife; mitigating pest impacts and controlling
population size for harmful insect and pathogen species; and reducing the risk of harmful
wildlife impacts by regulating available fuel load in an area (Brockway, Outcalt, &
Boyer, 2006; Brockway & Lewis 1997; Landers, 1991; Landers, Van Lear, & Boyer
1995; Limb et al., 2011; Means, 2006) . Many of these benefits were realized by the
Native peoples who first inhabited the southeastern U.S., such as the Cherokee, Creek,
and Catawba (Coughlan & Nelson, 2018; Lewis, 2009; Piker, 2004; Ryan, Knapp, &
Varner, 2013). They used fire to maintain the structure, health, and integrity of the forests
and prairies they used for hunting game and harvesting food (Frost, 2006; Ryan, Knapp,
& Varner, 2013; Van Lear et al., 2005). Native influence on longleaf pine savanna
community ecology is discussed further in Section 1.2. Historic Range and Habitat
Composition.
Longleaf pine is one of the four major southern pine species, the others being
loblolly (P. taeda Linnaeus), slash (P. elliottii Engelmann), and shortleaf (P. echinate
Mill.) pine (Brockway et al., 2006; Landers, 1991; Wakeley, 1954). Based on its life
history traits and ecological importance, one could argue that P. palustris Mill. is the
most unique and economically valuable of the pines (Jose, Jokela, & Miller, 2006;
Wahlenberg, 1946). Unlike other southeastern pines, P. palustris Mill. has a life step
called the grass stage, a period lasting up to ten years or more in which the individual
persists in a form much resembling a bunch grass (Landers, Van Lear, & Boyer 1995;
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McIntyre et al. 2008; Wahlenberg, 1946; Wakeley, 1954). This adaptation is presumed to
be influenced by living in a fire-mandated environment for the duration of the species’
evolutionary development, which began with the retreat of the last continental glacier
from the southern U.S. around 7800 years ago (Brockway & Lewis, 1997; Brockway,
Outcalt, & Boyer, 2006; Komarek, 1968; Peet, 2006; Van Lear et al., 2005). Other
adaptations which enhance longleaf pine’s chances of survival from surface fire while in
the grass stage include root growth and storage prioritization; thick, robust water-laden
needles; a fleshy apical meristem protected by dense foliage; and root collar resprouting
if seedlings are top-killed (Brockway, Outcalt, & Boyer, 2006; Farrar, 1975; Landers,
Van Lear, & Boyer 1995; McIntyre et al. 2008; Wakeley, 1954). However, grass stage
seedlings still suffer from high mortality rates due to inadequate available soil moisture
(especially in dry upland or sandy sites) and resource competition from surrounding
understory vegetation such as other pine regeneration, hardwood regeneration, grasses,
and herbaceous plants (Brockway, Outcalt, & Boyer, 2006; Harrington, 2006; Outcalt &
Sheffield, 1996; Van Lear et al., 2005; Wahlenberg, 1946). Persisting in ecosystems
maintained by fire reduces the growth inhibitions of vegetative competition for young
longleaf pines and also controls pathogens that would harm the developing trees, such as
brown-spot needle blight (Brockway, Outcalt, & Boyer, 2006; Van Lear et al., 2005).
Though it is still up for debate, some researchers believe height growth initiation
from grass stage seedling to longleaf sapling is attributed to reaching a carbohydrate
retention threshold in the root system, which causes the grass seedling to “bolt” upward
into a life step of limited lateral branching called the bottlebrush stage (Brockway,
Outcalt, & Boyer, 2006; Landers, 1991; Wakeley, 1954). With adequate sunlight and
water resources (seen in canopy gap conditions) this growth can be an accelerated time of
change, with individual trees observed to grow 30-90 cm in one growing season
(Brockway, Outcalt, & Boyer, 2006; Landers, Van Lear, & Boyer 1995; McIntyre et al.,
2008; Wahlenberg, 1946; Wakeley, 1954). Even with delayed vertical growth, longleaf
pines are highly productive timber trees, developing woody tissue as well as or faster
than common plantation species like loblolly or slash pine (Landers, Van Lear, & Boyer
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1995; McIntyre et al., 2008). As they continue to mature, P. palustris Mill. can look very
similar to their close relatives and be hard to identify older individuals from other pines
with confidence. All of the southern pines showcase reddish-brown bark plates with deep,
darkly colored furrows and similar branching patterns, especially considering trees over
one hundred years of age (Radford, Ahles, & Bell, 1968; Wakeley, 1954). However,
longleaf pines have some noteworthy characteristics that set them apart from other
southern pine species. They are incredibly shade intolerant and are believed to be the
longest lived, with some individuals observed to be 400 to 500 years old (Landers, Van
Lear, & Boyer 1995; McIntyre et al., 2008). True to their name, longleaf pines have the
longest needles observed of any southern pine species. Three to a fascicle, they are
usually 20 to 30 centimeters (sometimes as long as 45 cm) with internal resin canals that
aid in fire ignition and spread when they have fallen to the forest floor (Van Lear et al.,
2005; Wahlenberg, 1946). They have the largest seeds and cones compared to the other
southern pine species, and during a masting year (which occur every 5 to 10 years,
depending on latitude and climatic conditions) can produce 50 to 60 seeds per cone
(McIntyre et al., 2008; Wahlenberg, 1946; Wakeley, 1954). The wood is heavy and hard,
with a straight-grain ideal for lumber production and numerous aromatic resin canals
(Frost, 2006; Wahlenberg, 1946). These properties make longleaf a valuable timber tree
and in part caused the overharvesting frenzy of the South following European
colonization (discussed further in Section 1.2. Historic Range and Habitat Composition).
The final noteworthy component to describe a longleaf pine ecosystem is the
incredibly diverse understory. With natural fires regulating canopy density and woody
species encroachment while having sporadic impacts along the forest floor, the
understory of a longleaf pine savanna tends to be incredibly species rich (Jose, Jokela, &
Miller, 2006; Landers, Van Lear, & Boyer 1995; Means, 2006; Peet & Allard, 1993;
Walker & Silletti, 2006). The increased solar radiation and spatial mosaic of
microclimates creates a savanna with a high abundance of bunchgrasses, sedges,
legumes, composites, and other herbaceous plants (Brockway, Outcalt, & Boyer, 2006;
Harrington, 2006; Landers, Van Lear, & Boyer 1995; Peet, 2006; Sorrie, 2011; Walker &
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Silletti, 2006). Peet and Allard (1993) claim that longleaf pine ecosystems harbor some of
the most diverse vegetative communities found in the temperature zone, and Walker and
Peet (1984) had study findings with recordings of over 40 individual plant species
observed in a single square meter. A little under half of the 1,600+ plant species native to
the Coastal Plains are found only in longleaf pine ecosystems, including 187 of the rare
species found in this area (Van Lear et al., 2005; Walker, 1998). Walker and Silletti
(2006) assert that the three major vegetative families that comprise the understory of a
frequently burned (i.e., 1-3 years) longleaf pine savanna are grasses (Poaceae), legumes
(Fabaceae), and composites (Asteraceae). Several species of bunchgrasses, most notably
wiregrasses (Aristida beyrichiana Trin. & Rupr. and A. stricta Michx.) and bluestems
(Andropogon gerardii Vitman and Schizachyrium scoparium (Michx.) Nash) are the
major carriers of a surface burn, helping it to move along a forest floor (Gordon & Rice,
1998; Landers, Van Lear, & Boyer 1995; Way, 2006). Legumes and composites are vital
components for the integrity of the biotic community, adding much needed nitrogen to
the soil and providing food and rest for many species of wildlife, songbirds, and
pollinators (Means, 2006; Miller & Miller, 2005; Packard & Mutel 1997; Walker &
Silletti, 2006). About 2/3 of mammalian species and over 1/3 of all bird species endemic
to the longleaf pine ecosystem rely on the understory for food and shelter resources (Van
Lear et al., 2005).
The diverse vegetative community supports a wide range of wildlife, with such
charismatic species as the red-cockaded woodpecker (Picoides borealis), gopher tortoise
(Gopherus polyphemus), flatwoods salamander (Ambystoma cingulatum), and eastern
indigo snake (Drymarchon corais couperi) calling the longleaf pine savanna home
(Landers, Van Lear, & Boyer 1995; Means, 2006; Van Lear et al., 2005). However, due
to this ecosystem shrinking to barely 3% of its historic range, all the aforementioned
species are now considered threatened or endangered (Brockway et al., 2005; Landers,
Van Lear, & Boyer 1995; Means, 2006; Van Lear et al., 2005). Many of the longleaf
ecosystem’s 212 residential vertebrate species (38 of which are found only in longleaf
pine savannas) are seeing a decline in population numbers (Means, 2006; Van Lear et al.,
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2005). These findings are devastating, given that these numbers make the longleaf pine
savanna one of the most faunal species rich environments in all temperate North America
(Brockway et al., 2005; Means, 2006). Means (2006) explores the gravity of this situation
further, asserting that population numbers for all three species of mammals considered
longleaf pine specialists – the fox squirrel (Sciurus niger), Florida mouse (Podomys
floridanus), and southeastern pocket gopher (Geomys pinetus) – are in drastic decline.
Additionally, both the red-cockaded woodpecker (P. borealis) and the northern bobwhite
quail (Colinus virginianus) are in steady decline, even though they had inspired the
country’s earliest wildlife management proposals and prescribed fire efforts, and they
currently receive the most funding and restoration initiatives of any other organism
endemic to longleaf ecosystem (Brockway et al., 2005; McIntyre et al., 2008; Means,
2006; Way 2006). These decreasing population numbers are thought to be the result of
habitat loss, which is attributed to such faulty land management practices as fire
exclusion policy and overharvesting of longleaf forests, both of which are discussed
further in Section 1.2. Historic Range and Habitat Composition. Altering the abiotic
characteristics and natural disturbance regimes of this region has drastically altered the
vegetative community, with many plant species native to longleaf pine savannas
considered endangered (Van Lear et al., 2005; Walker & Silletti, 2006). This decline in
species richness is especially noteworthy in longleaf ecosystems with more mesic
environmental conditions, who have been observed to have especially high plant
biodiversity (Peet & Allard, 1993; Van Lear et al., 2005; Walker & Silletti, 2006).
These extreme losses in both plant and animal evolutionary lineages have inspired
federal and private agencies to focus on longleaf pine restoration projects. Reinstating the
fire regimes has become a primary goal for many project managers, though due to
budgeting and safety constraints this is not always feasible for every stand (Brockway et
al., 2005; Ryan, Knapp, & Varner, 2013). Numerous studies have been conducted
(Brockway & Lewis, 1997; Cox, 2004; Gilliam, 1998; Hu et al., 2016; Landers, 1991;
Kush, Meldahl, & Boyer, 2000; Sparks, 1998;) to better understand utilizing fire as a
management tool in longleaf pine systems, with considerations to seasonality, frequency,
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intensity, and combinations with other silviculture practices being studied. In order to
broaden the current range of longleaf overstory cover, measures are being taken to
increase germination rates and seedling survival (Brockway, Outcalt, & Boyer, 2006).
Young longleaf pines are susceptible to injury or mortality by numerous environmental
factors, including frost, flooding, drought, disease, logging impacts, vegetative
competition, and animal herbivory, especially by feral hogs (Brockway, Outcalt, &
Boyer, 2006; Frost, 2006; Wahlenburg, 1946). Site preparation initiatives, direct seeding,
and nursery seedling plantings are all actions being taken to combat low population
numbers for longleaf pine. Similarly, actions are being taken to reinstate the understory
of these ecosystems, by utilizing a number of site preparation techniques (i.e., prescribed
fire, roller-chopping, herbicide application, discing, raking) to mitigate hardwood
encroachment of an area historically dominated by longleaf pine (Brockway et al., 2005;
Landers, Van Lear, & Boyer 1995; Walker & Silletti, 2006). These efforts tend to be
coupled with broadcast seeding or planting native forbs and grasses, especially in
ecologically damaged areas like agricultural sites, abandoned pastureland, and loblolly
plantations (Brockway et al., 2005; Packard & Mutel, 1997; Walker & Silletti, 2006). In
general, a longleaf pine restoration project involves action items for all three major
aspects, as each is dependent on the others for this ecosystem type to persist indefinitely.
Longleaf pine restoration objectives and strategies are discussed further in Section 2.1.
Longleaf Pine Restoration.
1.1. Historic Range and Habitat Composition
Based on political boundary, topography, and habitat maps generated between
1861-1971, Jose, Jokela, and Miller (2006) conclude that the pre-settlement range of
longleaf pine savanna covered 412 counties across nine states, traversing over a wide
range of soil types, moisture gradients, and topography characteristic to the southeastern
U.S. These savannas had been maintained by fire since the last glacier had receded from
Florida, shaping the vegetation community and composition for thousands of years
(Brockway & Lewis, 1997; Brockway, Outcalt, & Boyer, 2006; Komarek, 1968; Landers,
Van Lear, & Boyer 1995; Peet, 2006; Van Lear et al., 2005). Around 12,000 years before
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present, Native Americans had migrated to the southeastern United States from the West,
and settled into different tribes, colonies, and nations long before the first European set
foot in North America (Lewis, 2009; Van Lear et al., 2005). They were the first observers
of how fire could maintain the health and composition of an ecosystem, and they used it
as a tool to open woodland understories, control diseases, limit pest populations (such as
ticks), and provide excellent hunting environments (Coughlan & Nelson, 2018; Frost,
2006; Landers, Van Lear, & Boyer 1995; Van Lear et al., 2005).
The Native tribes of the Southeast maintained their cultures and forest
management practices undisturbed for generations before Europeans set foot in North
America (Coughlan & Nelson, 2018; Lewis, 2009; Ryan, Knapp, & Varner, 2013). Van
Lear, et al. (2005) writes: “At the time of Columbus, it is estimated that 1.5-2.0 million
people lived in the Southeast, mostly in the Coastal Plain”. Initial contact between these
Native peoples and European colonizers was not generally positive (Coughlan & Nelson,
2018). However, settlers living remotely establishing homesteads and farmlands were
able to understand and learn from their Native counterparts that ground fires provided
many desirable benefits to their lands (Piker, 2004). Even as colonizers were attempting
to directly and indirectly (i.e., by spread of infectious diseases) eradicate tribes from all
over the East Coast, they continued their forest management legacies by igniting fires
throughout the South’s forests (Coughlan & Nelson, 2018; Van Lear et al., 2005). These
ground fires continued to maintain high understory diversity and regulate hardwood
encroachment for much of the longleaf savanna’s range (Frost, 2006; Ryan, Knapp, &
Varner, 2013). However, even though the lush grass-dominated understory was optimal
grazing habitat for the European’s livestock, the short return interval of necessary fire
disturbance was not conducive to creating homesteads and settlements. Many areas of the
southeastern U.S. had their forests cleared and fires extinguished in order to establish
societal infrastructure such as towns, roads, homes, farm outbuildings, and crop fields
(Piker, 2004; Smith, Legg, & Wilson, 2009).
Fire exclusion and land use changes may have been the two major factors
expediting to the longleaf pine’s demise, but they were not the only contributors to this
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ecological disastrous phenomenon (Brockway et al., 2005; Frost, 2006; Van Lear et al.,
2005). Due to the wood quality characteristics described previously in Section 1.1.
Longleaf Pine Savanna, the longleaf pine was a highly desirable timber tree whose
lumber was used to produce a variety of products and was a staple in constructing homes
and bridges (Frost, 1993; Frost, 2006; Wahlenburg, 1946; Way, 2006). Most notably,
longleaf pine was a major provider to the naval industry, providing straight, strong boles
for masts, resin-rich wood for shipping containers, and was the sole provider of
turpentine, tar, pitch, and rosin for the early English colonies (Frost, 2006). Turpentine
production is the major cause for longleaf pines’ extirpation from the northern reaches of
its range in Virginia and Maryland (Brockway et al., 2005; Frost, 2006).
The range of longleaf pine ecosystems was further reduced by ecological factors,
many of which were directly or indirectly influenced by human action (Brockway,
Outcalt, & Boyer, 2006; Frost, 2006; Wahlenburg, 1946). As discussed previously,
European colonization greatly disrupted fire return intervals for most regions of longleaf
pine, and in some areas totally eradicating it altogether (Frost, 2006; Ryan, Knapp, &
Varner, 2013; Van Lear et al., 2005). This loss of disturbance management for the
vegetative community caused a successional shift to new forest types, generally to those
with a canopy that was dominated by various hardwood species, like oaks (Quercus spp.)
and hickories (Carya spp.), or other southern pine species (P. taeda, P. elliottii, etc.)
(Frost, 2006; Landers, Van Lear, & Boyer 1995). This increase in vegetative competition
further stifled longleaf pine regenerative success (Brockway et al., 2005; Peet, 2006). The
grass stage exhibited by longleaf seedlings is ideal for withstanding surface burns but is
too shade-intolerant to cope with being overtopped by trees that prioritize height growth
(Brockway, Outcalt, & Boyer, 2006; Frost, 1993; Harrington, 2006; Lear et al., 2005;
Wahlenberg, 1946). Along with this, if seedlings weren’t being out-competing by other
vegetation, they were being consumed by the settlers’ hogs (Sus scrofa), which were
allowed to roam freely in the beginnings of American colonization (Brockway et al.,
2005; Frost, 1993; Frost, 2006; Van Lear et al., 2005; Wakeley, 1954). Wakeley (1954)
claimed that a single hog consumes an average of six seedlings a minute, which can
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amount to anywhere between 200-1000 seedlings consumed in a day (Frost, 2006). A
feral hog exclosure study conducted in Georgetown County, SC by found that a hectare
protected from foraging hogs by fencing could contain up to 1200 longleaf seedlings, but
that a similar area without fencing would only produce 20 per ha (Lipscomb, 1989).
All of these anthropogenic and ecological detriments came to a climax at the turn
of the 20th century, as an increase in fire suppression practices and a timber boom
significantly altered forests across the country (MacCleery, 1993; Way, 2006). Longleaf
pine ecosystems were the most destroyed and dwindled to less than 3 million acres
compared to the 98 million acres observed prior to European influence (Brockway &
Lewis, 1997; Brockway et al., 2005; Frost, 1993; Jose, Jokela, & Miller, 2006; Peet,
2006; Peet and Allard, 1993; Van Lear et al., 2005). This dramatic decline worried
loggers, foresters, and conservationists alike, but very few accurately understood the
ecology of this forest type at the time and so they did not know how to best manage the
land (Landers, Van Lear, & Boyer 1995; Pyne, 2001). The U.S. Forest Service and many
state forestry agencies were huge proponents for fire exclusion policies, their opinions
having been influenced by the dangerous wildfires that had ravaged western forests and
homesteads in the 1910s (Lear et al., 2005; MacCleery, 1992; McIntyre et al., 2008; Way,
2006). They applied these fears to southern forests, disregarding the land management
strategies of prescribing fire utilized historically by Native peoples and at the time by
rural, backcountry folk (Frost, 2006; Ryan, Knapp, & Varner, 2013; Shea, 1940). These
policies of fire exclusion and suppression persisted for decades, with plans enacted to
quickly respond to and control forest fires when they occurred and steep penalties
enforced for those caught igniting them (Brockway et al., 2005).
Under these policies, forests of the southeastern U.S. were forced into novel fire
regimes that the native vegetation had not evolved with (Landers, Van Lear, & Boyer
1995; Komarek, 1968; Means, 2006; Peet, 2006). Frequently occurring surface fires of
low to moderate intensity were now replaced with occasional, intense wildfires that fed
off the built up of biomass and dead vegetative material (McIntyre et al., 2008; Van Lear
et al., 2005). These were significantly more dangerous than the historic ground fires that
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had maintained the region, and government agencies used their deadly impacts to further
push fire exclusion policies (Frost, 2006; Shea, 1940; Van Lear et al., 2005). However,
there were those who galvanized the rest of the Forest Service to see that fire can and
should be used as a land management tool. Herbert L. Stoddard, a pioneer in wildlife
biology and management, was one such character, and he recognized the need for fire in
southern forests in relation to maintaining northern bobwhite quail populations (McIntyre
et al., 2008; Way, 2006; Van Lear et al., 2005). However, forest fire occurrence declined
across the country, even in the Southeast where fire was seen a necessity for ecosystem
health, and it reached minimum land coverage in the 1970s (Ryan, Knapp, & Varner,
2013). These large-scale fire regime changes coupled with land alterations, infrastructure
development, and invasive pest introductions impacted all American forests, but longleaf
pine ecosystems experienced the greatest coverage and regeneration losses (Brockway &
Lewis, 1997; Brockway et al., 2005; Frost, 1993; Jose, Jokela, & Miller, 2006; Peet,
2006; Peet and Allard, 1993; Van Lear et al., 2005).
1.2. Carolina Sandhills
Peet (2006) details six ecoregions of the southeastern United States that were a
part of the historic range of longleaf pine forests: Atlantic Coastal Plain, Fall-line
Sandhills, Southern Coastal Plain, Eastern Gulf Coastal Plain, Western Gulf Coastal
Plain, and Piedmont and Montane Uplands (Peet, 2006). The longleaf restoration project
at the Camden Battlefield is located in the Sandhills, a thin area parallel to the coast that
is the transitory zone between the Atlantic Coastal Plain and the Piedmont (Gilliam &
Platt, 1998; Peet, 2006). This physiographic region begins in central North Carolina and
stretches southwest to the eastern boundary of Alabama (Brockway & Outcalt, 1998;
Gilliam & Platt, 1998; Peet, 2006). The soils found here tend to be coarse-textured sand
layers with intermixed with layers of impermeable clay that can create unique seepage
wetland communities (Gilliam & Platt, 1998; Peet, 2006). In general, surface soils tend to
exhibit xeric conditions, being sandy, acidic, and low in organic matter (Brockway et al.,
2005). These sandy soils are consistently low in available moisture content due to high
rates of percolation and evaporation (Peet, 2007). This area is dominated by Ultisols and
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Entisols, with sandy layers ranging in depth from 3m in Florida to up to 185m in the
Carolina Sandhills (Brockway et al., 2005; Cox, 2004; Peet, 2006). This edaphically
unique area was formed by the oceans of the Miocene, as this stretch of land would have
been the coastal beaches of that time (Brockway et al., 2005; Frost, 2006).
Due to these soil conditions, the Carolina Sandhills portion of the longleaf pine
ecosystem range has some of the most unique and highly diverse vegetative communities
(Brockway, 1998). However, with the extreme loss of longleaf pine forests, this area now
contains many species of endangered or threatened plant biota (Brockway & Outcalt,
1998; Cox, 2004). In remnant patches of natural vegetation composition, the canopies of
these forests are dominated by longleaf pine intermixed with other oak species (in
particular (Quercus laevis and Q. incana) (Brockway et al., 2005; Peet, 2006). The
understory layer tends to be sparsely vegetated by xerophytic herbaceous species (such as
Cnidoscolus urens (L.) Arthur var. stimulosus (Michx.) Govaerts, Stipulicida setacea
Michx., and Euphorbia ipecacuanhae L.) and perennial bunchgrasses (Peet, 2006). For
the majority of this region (along with other ecotypes of the longleaf pine savanna) the
characteristic bunchgrass of the understory is wiregrass (Aristida spp.) (Cox, 2004;
Landers, Van Lear, & Boyer 1995; Peet, 1993; Peet, 2006; Van Lear et al., 2005; Walker
& Silletti, 2006; Way, 2006). As shown in Figure 1, the northern portion of the range
(central North Carolina to northern South Carolina), is composed of Aristida stricta
Michx., while in the expansive southern range (southern South Carolina to Alabama and
down into Florida) the prominent bunchgrass species is Aristida beyrichiana Trin. &
Rupr. (Brockway et al., 2005; Gordon & Rice, 1998; Peet, 1993; Peet, 2006; Walker &
Silletti, 2006). The space between in central South Carolina lacks either species and is
instead dominated by little bluestem (Schizachyrium scoparium (Michaux) Nash) earning
this area the name “Wiregrass Gap” (Frost, 2006; Peet, 1993;, 2006; Walker & Silletti,
2006). Peet (1993, 1998, 2006) and Walker (1998, 2006) extensively studied the
vegetative communities of this region and have both produced essential resources like
community classifications and species lists that further describe the vegetation
characteristic to the region.
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1.3. Study Area Description
The Camden Battlefield and Longleaf Pine Preserve (Figure 2) is the location
where British soldiers and American colonists crossed forces at the Battle of Camden
during the Revolutionary War and is owned by the Historic Camden Foundation (HCF)
(Lewis, 2013; Smith, Legg, & Wilson, 2009). A National Historic Marker (Figure 3) for
the battle, which occurred on August 16th, 1780, is located on the eastern side of the road
bisecting the area (34.3587302317, -80.6083375666). The battlefield is located north of
downtown Camden, SC along this highway, known as Flat Rock Rd (State Rd S-28-58),
which runs north to south between U.S. 601 (Kershaw Highway) and SC 97 (John G
Richards Road). All three of these roads are major lumber transport corridors for logging
operations in north central South Carolina. The area encompassing the historic marker
serves as the main space for public interaction with the property, offering a parking lot,
bulletin board used for displaying a battlefield map and announcement postings, the
occasional port-a-john, and a short loop trail dotted with informational signs on the local
ecology and history. This 5-acre stand also serves as the “remnant” habitat for the
battlefield, showcasing the densest collection of longleaf pine at the battlefield. There are
a few mature individuals and many offspring at various life intervals, including many
trees in the grass stage, bottlebrush stage, and saplings. There is also a diverse
community of grasses, legumes, composites, and other herbaceous plants observed in the
understory.
There are four other forest ecosystem types dispersed throughout the 476 acres of
the battlefield (Figure 2): two stands of about 55-year-old mixed pine and hardwood (188
acres, shown in red), three stands 22-year-old loblolly plantation (201 acres, shown in
light blue), one stand of 19-year-old longleaf pine plantation (21 acres, shown in yellow)
and two stands along the eastern and western property boundaries of bottomland
hardwood (62 acres, shown in dark blue) (Myers, 2017). In-depth descriptions on current
conditions of each stand type are explored more in section 1.5.2. Current Conditions:
2017-2020.
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The soils of the battlefield (Figure 4) are characteristic of the Carolina Sandhills
Region (discussed further in Section 1.2.1. Carolina Sandhills). According to the Web
Soil Survey generated by the USDA, there are six different soil types that can be found at
the battlefield: Ailey Sand, Blanton Sand, Lakeland Sand, Pantego Loam, Pelion Loamy
Sand, and Wagram Sand (Myers, 2017). All of the sandy soil types present are commonly
found in the Sandhills or pineland upland forests of the Coastal Plain region, and Pantego
Loam is a common soil type of wetlands found in this area (Hardesty, 1999; Peet, 2006).
The land surrounding the Camden Battlefield is delineated out with property lines.
Private homeowners and timber companies own the properties immediately adjacent to
the area, and within the Palmetto Conservation Foundation’s land trust easement lines
encompassing what is believed to be the total “battleground” there also exists a church, a
cemetery, communications towers, power lines, and open pasture (Smith, Legg, &
Wilson, 2009). There are still relics and artifacts from the battle and the years following
that are found by archeologists and historians in collaboration with HCF (Myers, 2017).
The Camden Battlefield area is within the historic range of the longleaf pine
savanna, which covered 92 million acres from southern Virginia to eastern Texas
(Brockway et al., 2005; Landers, Van Lear, & Boyer 1995; Peet, 2006). Unfortunately,
due to a variety of factors, many of which were influenced by the European colonizers
(many of which are outlined further in Section 1.2. Historic Range and Habitat
Composition), the presence of this ecosystem type has decreased significantly (Brockway
et al., 2005; Landers, Van Lear, & Boyer 1995). The current composition of the
vegetation and soils is due to years of agricultural and timber production use, which is
discussed further in Section 1.4.1. Land Use History.
1.4. Land Use History
Due to the shared understanding of common ecological knowledge between
Native peoples and European colonizers, until the late-1700s the land surrounding
Camden, South Carolina was old growth longleaf pine savanna, with lush, open
understories and huge, 400-year-old trees over a hundred feet tall (Jose, Jokela, & Miller,
2006; Smith, Legg, & Wilson, 2009). The newly established town of Camden was also
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quite impressive at this time. In the years prior to the Revolutionary War, Camden was an
economic hotspot, boasting the third largest urban population in South Carolina (Lewis,
2009). This would explain why the British utilized the area as an infantry base during the
war. The Battle of Camden on August 16th, 1780 was caused by British infantry moving
north from their base in town and running into a group of colonial militias 8 miles north
of their local headquarters. This rag-tag group of farmers-turned-soldiers from the
backwoods of the Carolinas and Virginia were no match to the organized, methodical
British troops, and they suffered what might be the most devastating loss the colonists
sustained over the war’s duration (Smith, Legg, & Wilson, 2009)
Shortly after the close of the Revolutionary War, the Daughters of the American
Revolution (DAR) purchased a small tract of land to commemorate the battle, the
remains of which were still scattered through the longleaf savanna. The plot they
purchased and the vegetation community there was left untouched, but portions of the
surrounding forests was cleared to be used for agricultural purposes (Smith, Legg, &
Wilson, 2009). The southern end of the battlefield was logged and built upon first due to
expanding development from the town of Camden (Lewis, 2009). Though there are
limited maps conveying this time period, according to written records by local historians
and naturalists large portions of longleaf forest canopy persisted until the 1900s, though
livestock grazing may have been occurring in the understory (Smith, Legg, & Wilson,
2009). Some of this battlefield was owned by the Sunnyhill Plantation and was being
utilized to produce cotton during the 1800s (Myers, 2017). In 1909 DAR erected a
monument where Baron de Kalb, a major general for the Continental Army, had been
killed by the British and in the 1920’s agricultural clearing reached just a few hundred
yards south of this memorial (Smith, Legg, & Wilson, 2009).
By the 1940s all the land south of the marker had been converted to farmland, the
north was still mostly wooded, and DAR was able to buy the full extent of the remnant
ecosystem patch (around 5 acres) that persists today. In the 1960s land surrounding the
monument was purchased by the Bowater/Catawba Timber Corporation, where it was
logged and some converted to pine plantation to establish long-term timber harvesting
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(Myers, 2017; Smith, Legg, & Wilson, 2009). In 2017 HCF purchased the 470 acres
encompassing the monument and began implementing silvicultural treatments with the
overarching goal to return the land to the ecological state it was in when the Battle of
Camden occurred. This primary objective determined by HCF (in conjunction with Forest
Land Management, Inc.’s management recommendations) influences forest management
decisions and drives any treatments conducted to be geared towards restoring this
property back to its historic ecosystem type of longleaf pine savanna (Myers, 2017).
2. Site Inventory and Stand Comparison
In response to years of anthropogenic influence, a thorough site inventory of
historic current biotic and abiotic conditions is imperative to designing a successful
restoration management plan. As discussed in Section 1.1. Longleaf Pine Savanna, there
are three key components to a longleaf pine ecosystem: a canopy comprised of longleaf
pines; semi-frequent, low intensity surface burns; and a diverse herbaceous understory
(Brockway et al., 2005; Frost, 2006; Landers, Van Lear, & Boyer 1995). Action steps
cannot be devised and implemented unless the land use history is known, the ideal
ecosystem type is envisioned, and the current environmental factors are understood.
Literature reviews (Coughlan, 2018; Landers, 1991; Lewis, 2009; Lewis, 2013; Outcalt &
Sheffield, 1996; Piker, 2004; Putz, 2003; Ryan, Knapp, & Varner, 2013; Shea, 1940),
archeological survey results (Lewis, 2013; Smith, Legg, & Wilson, 2009), and expert
recommendations were consulted to gather information on the history of the area
(presented in Section 1.4. Land Use History). Observations collected on the remnant
patch at the battlefield and vegetative surveys conducted in the Carolina Sandhills (Peet,
2017; Walker, 1998) were analyzed to determine what the area would look like if it had
been allowed to persist on its historical evolutionary trajectory. The remaining
information pertinent to writing a restoration management proposal and establishing a
long-term surveying protocol is to evaluate the current conditions of the Camden
Battlefield.
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2.1. Longleaf Pine Restoration
As discussed in Section 1.1. Longleaf Pine Savanna, longleaf pine ecosystems are
some of the most biodiverse but unfortunately also some of the most endangered forest
types found in North America (Brockway et al., 2005; Landers, Van Lear, & Boyer,
1995; Peet & Allard, 1993). Due to anthropogenic influence, they cover less than 3% of
their historic, pre-colonization range and are the home to numerous endangered floral and
faunal species (Means, 2006; Van Lear et al., 2005). Their ecological, cultural, and
financial significance makes them a priority for many governmental and private agencies
who specialize in restoration ecology (Brockway et al., 2005; Brockway et al., 2009; Cox
et al., 2004; Jose, Jokela, & Miller, 2006; Provencher et al., 1998).
America’s Longleaf Restoration Initiative – funded by the Longleaf Stewardship
Fund - is a collective of 30 agencies and organizations who collaborate on longleaf pine
ecosystem restoration and is one of the largest collectives with this focus to date
(America’s Longleaf, 2021). This cross-disciplinary, expansive accumulation of
partnerships involves such groups as the U.S. Forest Service, National Fish and Wildlife
Foundation, Natural Resources Conservation Service, Department of Defense, The
Longleaf Alliance, US Fish and Wildlife Service, and the Southern Company (America’s
Longleaf). These groups cooperate on common longleaf restoration goals by presenting
research findings, allocating resources, and sharing volunteers and professionals to carry
out land management objectives. Projects range from a few hundred to several thousand
acres of forest, and are being conducted in areas like the Carolina Sandhills National
Wildlife Refuge (SC), DeSoto National Forest (MS), Talladega National Forest (AL),
Osceola National Forest (FL), Francis Marion National Forest (SC), and Eglin Air Force
Base (AL) (Schultz & Jedd, 2021). Alongside these large, generally federally funded
projects, hundreds of smaller-scale restoration work is being conducted by private
organizations and landowners, such as the one underway at the Camden Battlefield and
Longleaf Pine Preserve (presented in Section 1.3. Study Area Description).
Regardless of project scale, all longleaf pine restoration projects are generally
following similar guidelines that are then catered to the land use history and
environmental conditions present at each site’s locale. At its most basic level, the science

20

of ecological restoration aims to rebuild, reform, or recover ecosystems that have been
damaged, degraded, or destroyed by humans. The Society for Ecological Restoration
published a Primer in 2004 that is referenced by many restoration ecologists and serves as
the foundation for planning, implementing, and monitoring projects (Society for
Ecological Restoration, 2004). Typically, a restored ecosystem will have characteristic
community composition, ecological processes, sustainable reproduction of endemic
populations, a greater proportion of native compared to invasive species presence, limited
risk of threats from the surrounding landscape matrix, proper successional development,
and reliably sustainable productivity (Dhillion et al., 1992; Society for Ecological
Restoration, 2004). These general principles guide restoration management for any
ecosystem type.
Longleaf pine restoration projects are focused around re-instating one of the three
major ecosystem components outlined in Section 1.1. Longleaf Pine Savanna: low
intensity surface burns, longleaf-dominated overstory, and a complex, species-rich
understory (Brockway et al., 2005; Provencher et al., 1998; Walker & Silletti, 2006). The
longevity of this forest type rests on the consistency, integrity, and health of all three of
these aspects. If one is lacking, the others become unsustainable and the ecosystem will
shift to a different successional stage (Cox et al., 2004; Outcalt, 2006; Van Lear et al.,
2005). The objective that generally holds the utmost concern for longleaf researchers and
practitioners is reestablishing a site’s historic fire regime (Brockway & Lewis, 1997;
Frost, 1993; Gilliam & Platt, 1999; McIntyre, 2008; Outcalt, 2006; Way, 2006). This is
mainly due to the fact it is arguably the most important, but most difficult component to
factor in when planning a longleaf pine restoration (Collins, 1987; McIntyre et al., 2008).
Many southern foresters agree that administering fires frequently (i.e., 1-3 years) is an
ideal approach for representing historic fire regimes based on lightning ignition or Native
influence (Komarek, 1973; Landers, Van Lear, & Boyer 1995; Means, 2006; Sparks et
al., 1998). Short fire intervals are conducive for controlling woody species encroachment
and invasive spread, maintaining vegetative diversity, stimulating seed production, and
creating preferred seedbed conditions for longleaf pine regeneration (Landers, Van Lear,
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& Boyer 1995; Wheeler, 2020). In fact, fire frequency is generally considered more
important than seasonality and should be applied as often as the fuel load will allow
(Collins, 1987; Harrington, 2006; Landers, Van Lear, & Boyer 1995; McIntyre et al.,
2008). The first and second growing seasons following fires usually show peaks in
understory flower abundance, available wildlife forage, insect population, and cover habit
(Collins, 1987; Landers, Van Lear, & Boyer 1995; McIntyre et al., 2008; Thill et al.,
2013; Way, 2006). The open forest conditions made possible by frequent surface burns
are preferred habitats for many wildlife species, specifically game birds, small mammals,
and white-tailed deer (Odocoileus virginianus), and are often the goal for many private
pineland owners to potentially lease their lands to hunters and outdoorsmen (Landers,
Van Lear, & Boyer 1995; McIntyre et al., 2008; Means, 2006; Way, 2006).
However, there are numerous climatic, safety, social, financial, and ecological
restraints that need to be taken into consideration when planning a prescribed burn, and
there are many sites where conducting a controlled fire isn’t possible (Everett & Fuller,
2010; Gilliam & Platt, 1998; Kush, Meldahl, & Boyer, 2000). A restoration site may be
in too close proximity to a sensitive area (i.e., hospital, school, nursing home, etc.), the
weather conditions may not be right (i.e., wind speed, air temperature, available moisture
content, etc.), or the necessary personnel or equipment may not be available (Outcalt,
2006; Way, 2006). In these cases, other silvicultural treatments are supplemented as an
attempt to mimic the effects fire would have on the landscape. Chemical and mechanical
management tools such as herbicide application, rollerchopping, intermediate thinning,
mowing, and livestock grazing are all possible alternatives for prescribed burns
(Brockway et al., 2009; Collins, 1987; Walker & Silletti, 2006; Wheeler, 2020). For
many longleaf restoration projects, a successful management plan is one that
encompasses a multitude of these tools to mimic disturbance and control an area’s
vegetative community composition (Means, 2006; Thill 2013; Walker & Silletti, 2006;
Way, 2006).
Before a fire can be administered to a stand, some level of timber harvest or
thinning must be conducted. What is often observed is forests who were historically
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dominated by longleaf pine have transitioned into areas of high-density hardwood cover,
with thick, established midstories and sparse understories (Frost, 2006; Outcalt, 2006;
Szitár et al., 2016). These are dangerous stands to burn, as they can quickly become
uncontrollable and dangerous. A surface burn can move upward through the midstory
vegetation, or “fuel ladder”, into the canopy, where their speed of movement, detrimental
impact, and intensity become impossible to contain (Brockway et al., 2005; McIntyre et
al., 2008). Typically, silvicultural systems are designed with the previous stand’s harvest
and the next one’s site preparation treatment in mind, so these issues are generally
avoided by good forestry practices. A harvest is not only the precursor to reinstating a fire
disturbance regime but is also an important step for converting an area back to a longleaf
pine majority (Brockway, Outcalt, & Boyer, 2006; Landers, Van Lear, & Boyer 1995;
Walker & Silletti, 2006). The open area and exposed mineral soil made possible by a fire
following a harvest are perfect conditions for longleaf pine establishment (Farrar, 1975;
Van Lear et al., 2005; Wahlenberg, 1946; Wakeley, 1954). Since many restoration
projects are in isolated forest patches, plantation forestry operations are usually necessary
for establishing a young longleaf stand, as there are generally no mature, reproducing
longleaf trees adjacent to the project site (McIntyre et al., 2008). Though it is general
knowledge that longleaf pine ecosystems are open-structure forests, there is some debate
as to how much the planting density of seedlings should fabricate this eventual spacing
(Frost, 2006). There are many studies available who aim to advise practitioners and
managers of various eco-regions in longleaf plantation establishment (Thill, 2013;
Wheeler, 2020).
The final focus point of longleaf restorations is to colonize the understory with a
diverse vegetative community similar to what would be observed in historic longleaf
stands (Brockway et al., 2005; Peet & Allard, 1993; Van Lear et al., 2005; Walker &
Silletti, 2006). Restoration of native groundcover can begin immediately following the
first thinning, as the disturbance caused by logging equipment will expose mineral soil,
space, and freed nutrients required for herbaceous plant germination (McIntyre et al.,
2008). However, it is recommended to wait until the timber harvest has been completed
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and a prescribed burn has occurred before seeding or planting in understory species, as
these intensive silvicultural treatments could totally extirpate any young grass or forb
populations attempting to establish (Piper, Schmidt, & Janzen, 2007; Walker & Silletti,
2006). Typical longleaf restorations focus on timber harvest, followed by longleaf pine
regeneration, and finished with site preparation treatments (i.e., fire, raking, disking, etc.)
coupled with seeding or planting native understory plants (Van Lear et al., 2005; Walker
& Silletti, 2006). Adequate time for establishment and recovery periods between fires are
essential to ensure understory and wildlife community diversity (Landers, Van Lear, &
Boyer 1995; McIntyre et al., 2008). Depending on the site and species in question, the
forest manager may want to consider collecting local seed to improve population fitness
and survivability (Gustafson et al., 2005; Mijnsbrugge, 2009; Miller, 2013; Walker,
2015). Understory restoration and seed source recommendations are discussed more in
Sections 3-3.2.
2.2. Site Inventory Survey: Vegetation and Soils
Evaluating the characteristics of a degraded area before beginning a restoration
project will not only help guide the initial land management decision making for that
project but will lay the groundwork for a long-term monitoring system (SER, 2004; Van
Andel & Aronson, 2006). Some relevant information necessary for creating a restoration
plan can be collected remotely, such as land history and climate. However, conducting a
survey on-site can provide information necessary for deciding the initial steps of a
restoration. The vegetation community and soils present at a site will heavily influence
land management decisions because these are the foundation for any natural community.
Understanding the vegetative composition and structure is important for wildlife and
recreation management decisions, and soil properties offer a glimpse of how past land use
has altered the area (Brockway et al., 2005; Means, 2006; Van Lear et al., 2005; Walker
& Silletti, 2006). For systems maintained by fire (like the longleaf pine savanna),
understanding the health and abundance of woody and herbaceous species is necessary
for creating burn plans (Brockway & Lewis, 1997; Gilliam & Platt, 1999; Sparks et al.,
1998).
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With the proper protocol design, the soils and vegetation of an ecosystem can be
surveyed indefinitely (Elzing, Salzer, & Willoughby, 2015). A restoration plan followed
by routine monitoring is ideal for evaluating the success of each treatment and for
guiding future management decisions (Jose, Jokela, & Miller, 2006; Society for
Ecological Restoration, 2004). For forested ecosystems, such as the Camden Battlefield
and Longleaf Pine Preserve (Section 1.3. Study Area Description), it is recommended
that each vegetative layer should be analyzed separately: overstory, midstory, understory.
There are many different plant monitoring strategies that are accepted and regularly
implemented by a myriad of government agencies, nonprofits, and universities (Elzing,
Salzer, & Willoughby, 2015; Peet et al., 2017). For the Camden Battlefield longleaf
restoration, a survey system was designed based off of the Carolina Vegetation Surveys
(CVS) and the Assessment, Inventory, and Monitoring surveys utilized by the Bureau of
Land Management (BLM) out in western US (MacKinnon et al., 2011; Peet et al., 2017).
The survey protocol devised will provide immediate guidance for initial restoration
management decisions, as well as give feedback indefinitely to the site’s response to
treatments.
3. Seed Source and Site Preparation
Restoration ecology is a relatively new science (Society for Ecological
Restoration, 2004), and as such there are ongoing studies to determine the best practices
with restoring different ecosystems and specifically their vegetation communities. For
restoring ecosystems in regions with unique environmental conditions compared to the
surrounding landscape matrix (i.e. greater altitudes, drier soil conditions, etc.), there can
be challenges in selecting the seed source most suited for surviving in that ecosystem.
The local populations endemic to that area may exhibit what is known as “ecotypic
variation”: the phenomenon of specialization of a species to a specific locale and its
conditions (Leimu & Fischer, 2008; Lowry, 2012; Quinn, 1978). This theory was first
popularized in the 1920s and its relevancy has been a debate among restoration ecologists
in recent decades with the rise of attention and funding being allotted for managing
degraded or damaged ecosystems (Lowry, 2012).
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For longleaf pine restoration projects occurring in the Carolina Sandhills, this may
be an important consideration when a top priority of the restoration plan is re-establishing
the vegetation community. Due to anthropogenic influence, specifically land alterations
for agriculture and infrastructure purposes, the majority of longleaf pine’s historic range
is currently comprised of a less diversity understory with increased woody species
presence and hardwood encroachment (Frost, 2006; Landers, Van Lear, & Boyer 1995;
Van Lear et al., 2005). Thus, for a lot of longleaf restoration throughout the Southeast,
altering the current vegetative composition, particularly in the understory, is essential
(Cox et al., 2004; Gustafson et al., 2005; Harrington & Boyd-Edwards, 1999; Walker &
Silletti, 2006). This alteration can be passive, as the community structure is sure to
change in response to reinstating the necessary fire frequency and intensity to an area, or
it can be action application of silvicultural techniques to create a longleaf-dominated
overstory (Brockway et al., 2005; Outcalt, 2006; Van Lear et al., 2005). However, for
many projects, focusing on the health and diversity of the understory vegetation is a
primary objective.
There are many reasons that the understory of regions historically dominated by
longleaf pine savanna receives such undivided attention between scientists and
practitioners alike. For starters, this forest layer is primarily responsible for the
characteristic ground fires that maintained this ecosystem type (Collins, 1987; Komarek,
1968; Means, 2006; Peet, 2006). The fine tinder provided by fallen pine needles coupled
with the overlapping, linear leaves of bunchgrasses (such as Andropogon spp., Aristida
spp., Schizachyrium spp., and Sorghastrum spp.) help the ignition and movement of these
necessary, natural disturbances (Frost, 1993; Landers, Van Lear, & Boyer 1995; Limb et
al., 2011; Van Lear et al., 2005; Walker & Silletti, 2006). As discussed previously
(Section 1.1. Longleaf Pine Savanna), these fires have a varied impact across the
landscape, increasing the diversity and abundance of plants present in the understory
(Landers, Van Lear, & Boyer 1995; Peet & Allard, 1993; Sorrie, 2011). However, the
composition of the forest floor has changed dramatically since European colonization.
Due to the overwhelming eradication of most longleaf pine forests, many of the plant and
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wildlife species present or supported by the understory are federally listed as threatened
or endangered (Means, 2006; Van Lear et al., 2005). The numerous plant species
traditionally found here provide food, shelter, and cover habitat for many animals, so
restoration projects that receive funding for boosting the populations of endangered
wildlife keep understory composition as a focal point (Brockway et al., 2005; McIntyre et
al., 2008; Way, 2006).
In the Wiregrass Gap throughout central South Carolina, little bluestem is the
significant species for providing an adequate fuel matrix for carrying fires (Packard &
Mutel, 1997; Peet & Allard, 1993; Tober & Jensen, 2013). Many studies conjoined with
prairie restorations out West have shown that there is evidence of ecotypic variation
among little bluestem populations, as can be seen in their genomes (Fu et al., 2004;
Gustafson et al., 2005; Huff et al., 1998), symbiotic mycorrhizal partnerships (Dhillion &
Friese, 1992; Jones, 2019) and phenology (Lagory, Lagory, & Perino, 1982; Meyer et al.,
2017; Springer, 2012). However, there is limited information available to describe the
little bluestem populations present in the Wiregrass Gap, and even less available for
where this area bisects the Carolina Sandhills region. Considering its role with fire and
numerous wildlife benefits, little bluestem is a very important bunchgrass species and its
ecology should be studied further (Miller & Miller, 2005; Sorrie, 2011).
3.1. Little bluestem (Schizachyrium scoparium (Michx.) Nash)
Little bluestem (Schizachyrium scoparium (Michaux) Nash; formally denoted as
Andropogon scoparius Michaux) is a warm-season (C4 phototranspiration), shade
intolerant, perennial bunchgrass that is widely distributed throughout the contingent
United States, lower Canadian provinces, and Mexico and is a major component of many
prairie ecosystem types (Fedewa & Stewart, 2011; Radford, Ahles, & Bell 1968; Packard
& Mutel, 1997; Sorrie, 2011; Tober & Jensen, 2013). Like other similarly adapted
species in the family Poaceae (e.g. Zea mays), the utilization of a C4 photosynthetic
pathway allows S. scoparium (Michx.) Nash to be an incredibly productive plant, even in
environments with high temperatures, intense solar radiation, low available moisture, and
frequent fire disturbance (Barden, Halfacre, & Parrish, 1987; Packard & Mutel, 1997).
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An efficient metabolic rate allows S. scoparium (Michx.) Nash to persist in drier, sandier
upland sites, which avoids resource competition with larger prairie bunchgrass species
such as big bluestem (Andropogon gerardii Vitman), Indiangrass (Sorghastrum nutans
(L.) Nash), and tall dropseed (Sporobolus compositus (Poir.) Merr.) (Collins, 1987;
Lagory, Lagory, & Perino, 1982; Packard & Mutel, 1997; Tober & Jensen, 2013).
Besides a notable difference in mature plant size, other bluestem species, who are
part of the genus Andropogon (e.g. A. gerardii Vitman), have flower spikes that split into
two identical racemes of seedheads while S. scoparium (Michx.) Nash showcases a single
flower spike (Radford, Ahles, & Bell, 1968; Sorrie, 2011). Due to its adaptability to a
wide range of environmental conditions, populations of little bluestem can vary in height,
color, leaf length, phenology, and clump size, though some general physical
characteristics can be made (Radford, Ahles, & Bell, 1968; Tober & Jensen, 2013). The
stems tend to be solitary or are seen in small clumps, with seedheads dispersed
throughout the upper portion, a very flat base, and with maximum heights of 0.7 to 1.5
meters (Packard & Mutel, 1997; Sorrie, 2011). Smooth, folded leaves, growing up to 25
cm long and 3.5. mm wide, have a bluish-green hue that matures to a reddish-gold color
in autumn (Radford, Ahles, & Bell, 1968; Packard & Mutel, 1997; Sorrie, 2011; Tober &
Jensen, 2013). Keeled leaf sheaths can be smooth or hirsute, the nodes are swollen and
reddish-purple, and the ligules are thin membranes ranging from white to brown in color
(Radford, Ahles, & Bell, 1968; Sorrie, 2011; Tober & Jensen, 2013). Solitary flower
spikes (2-6 cm long) are displayed on long, slender stalks that arise in intervals along the
tops of culms, developing into white hairy-tufted seeds that have a showy appearance
when mature (Sorrie, 2011; Tober & Jensen, 2013). Generally, S. scoparium (Michx.)
Nash is considered as having weak seed dispersal, with maximum seed movement
observed to be only 1 to 2 meters away from the parent plant (Fedewa & Stewart, 2011;
Tober & Jensen, 2013). This, coupled with resource competition and limited space
offered by other bunchgrass species, causes little bluestem to have low germination and
establishment rates (Gustafson et al., 2005; Springer, 2005). Phenologically significant
periods, such as ones noted for active growth, flowering, and seed production, are
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directly related to the length of the annual growing season and are highly dependent on
latitudinal location of the population (Tober & Jensen, 2013).
Similar to many grass species members of the family Poaceae, S. scoparium
(Michx.) Nash is a pioneer species, establishing and inhabiting areas immediately
following a disturbance. This trait enables little bluestem to be widely distributed
throughout North America and to occupy and persist in a variety of different habitat types
(Radford, Ahles, & Bell, 1968; Packard & Mutel, 1997; Sorrie, 2011; Tober & Jensen,
2013). Specifically, this species ranges from southern New Brunswick to Albany and as
far south as Florida, Texas, and Mexico, exceptions (i.e. states without any known
populations) being Nevada and Washington (Sorrie, 2011; Tober & Jensen, 2013).
Throughout the southeastern U.S., S. scoparium (Michx.) Nash can be found in longleaf
pinelands, dry uphill sites, oak-hickory forests, and areas under anthropogenic influence
such as abandoned pastures, roadsides, ditches, and development edges (Packard &
Mutel, 1997; Sorrie, 2011; Tober & Jensen, 2013). Populations can grow in a range of
soil textures and types, from sandy to clay-loam and dry to mesic moisture conditions, as
well as a range of climates, elevations, and latitudes (Packard & Mutel, 1997; Tober &
Jensen, 2013).
3.2. Theory of Ecotypic Variation
Highly adaptive species, such as those known to inhabit grassland or prairie
ecosystems, are debated to have region-specific morphological and, in theory, genetic
differences (Gustafson et al., 2014; Krauss et al., 2013; Lowry, 2012). These populations
are still considered to be part of the same species, but are said to be different ecotypes
(Gustafson et al., 2014; Leimu & Fischer, 2008). “Ecotype” was first defined by Swedish
evolutionary botanist Göte Turresson as “an ecological sub-unit to cover the product
arising as a result of the genotypical response of an ecospecies to a particular habitat
(Lowry, 2012; Ortiz, 2020; Quinn, 1978). Turresson conducted common garden
experiments with important European crop plants sourced from various areas (Quinn,
1978). He found significant data signaling the possibility of multiple, distinct forms
classified under the same species (Lowry, 2012; Quinn, 1978). Since then, there have
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been numerous studies conducted to determine the existence of ecotypic variation for an
array of plant evolutionary lineages (Fu et al., 2004; Hereford, 2009; Lowry, 2012).
These studies are not only of interest to evolutionary biologists, but to restoration
practitioners as well. Since genetic variation is caused by site-specific biotic and abiotic
conditions, the resulting ecotype is considered better suited for persisting in that area
(Gustafson et al., 2014; Piper, Schmidt, & Janzen, 2007; Quinn, 1978). In fact, Gustafson
et al. (2014)’s literature review determined that seeds derived from local populations
create plants are 70% likely to have higher rates of growth, survivability, and
reproduction than non-local seed sources. These findings could have huge repercussions
on determining where to source vegetative seed from and predicting the success of
restoration projects (Claude et al., 2014; Gustafson et al., 2014; Leimu & Fischer, 2008;
Lowry, 2012; Quinn, 1978)
This concern for seed source selection is especially true for restorations involving
grassland species. Their general adaptability to a wide variety of ecosystem types, soil
types, and drought tolerance leads many researchers to believe that members of the
family Poaceae have ecotypic variation (Gustafson et al., 2014; Lagory, Lagory, &
Perino, 1982; Piper, Schmidt, & Janzen, 2007). McMillan’s (1959) study on the
grasslands of North America was the spark behind the current interest in prairie species
and how they may vary across latitudinal, longitudinal, elevation, and moisture gradients.
Bragg et al. (1966) followed up with results that support the possibility of ecotypic
variation in bunchgrass species, with little bluestem showcasing morphologically and
behaviorally diverse populations by region. Roos (1977) found further evidence to
support this theory on phenotypic plasticity of bluestems with controlled greenhouse
experiments.
As discussed earlier, little bluestem is found in a wide range of environmental
conditions, supporting the possibility of ecotypic specialization (Krauss et al., 2013;
Packard & Mutel, 1997; Tober & Jensen, 2013). This hypothesis is supported when
studying the chlorophyll concentration (Claude et al., 2014), mycorrhizal interactions
(Dhillion et al., 1992), amplified fragment length polymorphism variances (Fu et al.,

30

2004), and growth habits of different populations and cultivars (Gustafson et al., 2014;
Lagory, Lagory, & Perino, 1982; Meyer et al. 2017). These findings leave reason to
believe that little bluestem populations exhibited throughout the southeastern US would
also display ecotypic variation (Gustafson et al., 2014). This may be especially true in
areas with unique environmental conditions, such as the Carolina Sandhills, where the
Camden Battlefield is located. A more in-depth description of this region is provided
under Section 1.2.1. Carolina Sandhills.
4. Remote Environmental Education and Outreach

The final consideration that should be contemplated when working with

endangered species and ecosystems is the need to connect these entities with the public.
Education and outreach on environments and their current issues is necessary if
funding, management, and restoration efforts are to continue long-term (Marynowski &
Jacobson, 1999). For the longleaf pine savanna, encouraging environmental literacy and
affinity towards this ecosystem will ensure the continued success of current projects,
such as the one at the Camden Battlefield (Monroe & DeYoung, 1994; Singh & Rahman,
2012). However, this should not just be a goal for the local community, but also for the
historic range of longleaf pine throughout the Southeast and even the greater United
States. Considering the current piecemeal state of this once vastly reaching ecoregion,
and since these highly diverse vegetative communities require such hands-on land
management techniques like prescribed burns, it is important to keep younger
generations eager and interested in learning about and working with these forests
(Brockway et al., 2005; Van Lear et al., 2005).
As previously stated, one such way to do this is by fostering a foundation of
knowledge (i.e., environmental literacy) and an appreciation for (i.e., environmental
affinity) for the ecosystem in question (in this case, the longleaf pine savanna). These
initiatives, coupled with instruction and encouragement on living a sustainable lifestyle
based on conservation behaviors, are the main goals of most environmental education
and outreach programs (Cheng et al., 2013; Carleton-Hug & Hug, 2009; Monroe &
DeYoung, 1994; Singh & Rahman, 2012). For many informal programs, they are
generally oriented around exploratory, hands-on learning; organic experiences
influenced by the questions, needs, and backgrounds of the students; and are usually
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taking place outdoors in the natural environment (Marynowski & Jacobson, 1999;
McKenzie-Mohr & Schultz, 2014; Monroe & DeYoung, 1994). Sadly, for longleaf pine
savanna, there are very few untouched and intact parcels of land available to provide
these types of educational experiences to school students or other interested participants
(Jose, Jokela, & Miller, 2006; Landers, Van Lear, & Boyer 1995; Walker, 1998). This not
only increases the need for such outreach while simultaneously rendering many modes
of traditional in-person instruction impossible (Jung et al., 2010). Additionally, many inperson experiences, both in traditional classrooms and informal education, has been
required to shift to remote administration in response to the global pandemic caused by
severe acute respiratory syndrome coronavirus 2, otherwise known as SARS-CoV-2, or
COVID-19) (Adnan & Anwar, 2020; Barouki et al., 2021; WHO, 2021). An alternative
program design to accommodate societal health precautions and limited travel
capabilities would be to create interactive, engaging virtual resources based on longleaf
pine ecology for interested teachers and families (Jung et al., 2010). This section aims to
illustrate how this could be applied but also ways to implement and evaluate such a
program.

4.1. Remote Learning: Positives and Obstacles
Some of the greatest inspirations and champions for the environment connected
with their audience through a remote medium: Steve Irwin, Sir David Attenborough,
Jacques Costeau (Bradshaw, Brook, & McMahon, 2007). Many up-and-coming college
students and newly hired professionals of today attribute their initial interest to the
outdoors to media exposure of “nature celebrities” (Brown, 2010). In these cases, a
television program or a riveting documentary was enough to pique their curiosity and
guide them towards their careers. However, for many others these famous personalities
have at the minimum exposed them to the majestic scenery and astonishing organisms
that compose many of Earth’s wild places, and at most have educated them of the basic
ecological properties of those places and species (Bradshaw, Brook, & McMahon, 2007).
This exposure to and limited education of is not enough to do more than delight the
senses with vivid imagery. Simply having knowledge about something, no matter how
awe-inspiring or exuberant it may be, is not enough to convince someone to learn about
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it, let alone care for it or exhibit behavior changes to decrease their negative impacts on it
(McKenzie-Mohr, 2014; Monroe, 2003).
With this in mind, in order for an environmental program to exist in a virtual
medium while still achieving the aforementioned goals (i.e., increasing environmental
literacy, environmental affinity, and sustainable conservation actions in participants daily
lives), a program needs to overcome the removed mentality of their audience and make
them feel part of not only the program, but of the ecosystem the program aims to connect
them to (Marynowski & Jacobson, 1999; Monroe, 2003). The COVID-19 global
pandemic made this transition to online a priority, and the degraded state of most longleaf
pine ecosystems makes these efforts in connecting with an audience even more crucial.
(Adnan & Anwar, 2020; Basilaia & Kvavadze, 2020; Aivazidis, Lazaridou, & Hellden,
2006). There is a myriad of environmental online resources available to students of all
ages, but there are few focused on longleaf pine forests (Jung et al., 2010). Congruently,
many resources available to teachers are one dimensional, delivering information through
a single entity such as news articles, how-to videos, documentaries, games, simulations,
podcasts, and music (Aivazidis, Lazaridou, & Hellden, 2006). These two factors alone
highlight the need for an online resource that focuses on longleaf pine ecology with a
diverse composition of activities and content.
If executed well, virtual learning platforms can be highly efficient in their
outreach and dissemination of knowledge. Audiences from across the country and even
around the world can utilize online resources to learn about any topic, organism,
ecosystem, or region. A resource that focuses on ecological processes and principles can
be used to educate people that may not have the opportunity to visit that environment in
person (Marynowski & Jacobson, 1999; Story, 2019). This alternative connection not
only avoids the financial restraints of travel, but also makes any natural space accessible
to anyone regardless of age, physical ability, or location (Ardoin, Clark, & Kelsey, 2013;
Jung et al., 2010). For this connection to be made, content needs to be tangible to
students, and delivered in an interesting, engaging, even humorous way, by someone they
would respect and trust (McKenzie-Mohr, 2014; Monroe, 2003). Students are more
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willing to learn and participate in educational opportunities with an adult that they
identify with. Monroe and DeYoung (1994) provide a list of elements that improve the
success of environmental education programs, the likes of which would also positively
impact virtual learning platforms:
•

“Character identification - the degree to which the reader is like or wants to be
like the character.

•

Story line - a coherent explanation of the problem to solution pathway.

•

Uncertainty and mystery - the pull of curiosity to want to read and discover more.

•

Vivid or action-rich imagery - the use of adjectives that better enable the reader
to 'see' the text and the use of more lively and forceful verbs.

•

Numerical or concrete detail- the use of more specific and quantifiable terms.”

CONCLUSION
The longleaf pine savanna is an incredibly interesting but unfortunately degraded
ecosystem type. There exists a need to restore areas historically home to these forests,
evaluate the success of those restorations, and educate the general public on the necessity
of these efforts. This is especially true for projects like the Camden Battlefield and
Longleaf Pine Preserve and regions such as the Carolina Sandhills, both of which have
limited knowledge available for the specifics of current vegetative communities,
understory rehabilitation, and virtual outreach. The purpose of this literature review was
to analyze what information exists for these topics and how to best proceed application in
accordance with the Camden Battlefield restoration and community. In summary, the
anthropologic and specifically the agricultural influence (i.e., clearing land and pine
plantation) observed in this area will be an important factor in current vegetative
community composition and initial management decisions; understory seeding and reestablishment initiatives, particularly for ecologically significant species such as little
bluestem, should focus on sourcing local seed and coupling efforts with necessary
silvicultural treatments; and virtual environmental educational programming on longleaf
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pine ecology is necessary and possible to present to local and national middle school
student audiences.
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FIGURES

Figure 1. Map depicting the native ranges of the two endemic wiregrass species. Aristida
stricta Michx., shown with white circles, encompasses North Carolina and northern
South Carolina, and Aristida beyrichiana Trin. & Rupr., shown with black circles, is
found from southern South Carolina southward to the tip of Florida and westward along
the Gulf Coast. The conspicuous space between the two species’ ranges is aptly named
the “Wiregrass Gap”. (Peet, 1993)
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Figure 2. Map of the Camden Battlefield and Longleaf Preserve delineated into stand
types. The inset highlights where the battlefield is in relation to the rest of South
Carolina. (Image courtesy of the author, created through ArcMap 10.8.)
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Figure 3. Historical marker denoting the location of the Battle of Camden that can be
seen by motorists traveling along Flat Rock Road north of Camden, SC. (Image courtesy
of the Historic Camden Foundation.)
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Figure 4. Soil types present throughout the Camden Battlefield. (Image courtesy of the
United States Department of Agriculture, Natural Resources Conservation Service’s Web
Soil Survey.)
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CHAPTER TWO: Comparison of Silvicultural Treatments on Vegetation and Soils
in Loblolly Plantation and Mixed Pine Stands in Camden, South Carolina

ABSTRACT
The southeastern United States is a region that has been heavily impacted by
anthropogenic influences since the age of European colonization. Forest communities
have been altered by agricultural and infrastructure development and a lot of the area is
composed of loblolly plantations and mixed pine and hardwood stands. In recent decades
many landowners of these common forest types are implementing active silvicultural
techniques, such as fires and thinning, to revert back to the pre-settlement ecosystem of
longleaf pine savanna. Our goal was to further understand how plantation and intensive
thinning practices impact local plant communities, and how prescribed burns
immediately alter local conditions at the Camden Battlefield and Longleaf Pine Preserve.
We collected soil samples and conducted vegetative surveys to quantitatively analyze the
richness, abundance, and diversity of the over-, mid-, and understory communities of 25
plots throughout plantation and thinned stands. This data was assessed with ANOVAs
and Tukey HSD tests, and was utilized in calculating Soreson’s coefficients and
Simpson’s indices for further comparison between community similarity and diversity.
We found thinned stands to have significantly greater overall species richness, understory
species richness, composite species richness, grass abundance, diversity, and bare ground
cover while plantation stands exhibited significantly greater overstory abundance and
litter cover. Post-burn conditions showed significantly greater understory and specifically
grass species richness and had significantly greater diversity and richness compared to
untouched plantation plots.
INTRODUCTION
In the United States, many ecosystem types were drastically altered following
European colonization (MacCleery, 1993; Packard & Mutel, 1997; SER, 2004; Van Lear
et al., 2005). Along with stowaways such as domesticated livestock, nonnative
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ornamentals, and unwanted invasives, settlers brought their intensive agricultural
practices and forest management styles to the American frontier (MacCleery, 1993).
Floral and faunal communities were impacted as large expanses of forest were harvested
to make way for pastureland, homesteads, towns, and roads (Frost, 1993; Means, 2006;
Van Lear et al., 2005). Widespread land use change had immediate and long-term effects
on ecosystem health and diversity (SER, 2004).
Forest management in the southeastern United States is influenced by many
factors: pine lumber production, wildlife management, habitat restoration, ecotourism
initiatives (Brockway et al., 2005; Frost 1993; MacCleery, 1993). The majority of
management conducted is on private property, with individuals and agencies owning and
overseeing 86% of all forested land in the region (Butler & Wear, 2021). Landowners
tend to work with environmental consulting firms, governmental organizations, and
foresters to achieve their desired outcomes (Brockway et al., 2005; MacCleery, 1993;
McIntyre, 2018). Management plans are designed based on local ecology and community
composition and are carried out by silvicultural systems which oversee any harvests, site
preparations, plantings, and intermediate stand treatments (i.e., thinning, prescribed fire,
pruning, etc.) required to maximize productivity and overall ecosystem health and
diversity.
Two major stand types seen throughout the Southeast are loblolly (Pinus taeda
L.) plantation and thinned mixed hardwood (Quercus spp., Carya spp., Acer spp., etc.) or
pine stands (P. echinata Mill., P. elliotti Engelm., P. palustris Mill., etc.). Loblolly pine
is the ideal plantation tree, with faster growth and greater yields compared to most
competing tree species in the South (Baker & Langdon, 1990). This species does not need
routine surface maintenance like other forest types of the regions (i.e., longleaf pine
savannas) and can thrive under high planting densities (Wahlenberg, 1946). Loblolly
plantation stands are typically structured with a tightly packed canopy, a well-developed
midstory layer of shrubs and small hardwood trees, and a sparse herbaceous understory
(Hu et al., 2016; Landers, 1991). Mixed stands are utilized for a greater variety of needs,
not just lumber production. Many forests are managed for local wildlife populations,

51

especially game species such as Northern bobwhite quail (Colinus virginianus), Eastern
fox squirrels (Sciurus niger), and white-tailed deer (Odocoileus virginianus) (Yarrow &
Yarrow, 1998). For both stand types, thinning is a common practice in stand maintenance
as it reduces competition between timber trees, creates cover and forage habitat for
wildlife, increases midstory and understory diversity, and can mitigate stand damage
caused by the spread of pests, disease, and uncontrolled fire (Brockway et al., 2005;
Brunjes et al., 2003; Schultz & Jedd, 2012).
Frequently, southern landowners with loblolly and mixed forest types are
focusing on a different forest management initiative: longleaf pine restoration (McIntyre,
2018; Outcalt & Sheffield, 1996). Prior to European colonization, longleaf pine
ecosystems dominated the Southeast, but due to land alteration, agriculture proliferation,
fire exclusion, and excessive timber harvest, these forests have lost an estimated 97% of
their historic range (Brockway & Lewis, 1997; Brockway et al., 2005; Frost, 1993; Jose,
Jokela, & Miller, 2006). These forests hosted a highly diverse community of plants and
wildlife due to the open-structured composition of the longleaf dominated canopy and
semi-frequent (1-3 years), low-intensity surface burns (Brockway et al., 2005; Frost,
1993; Landers, Van Lear, & Boyer 1995; Van Lear et al., 2005). The collective
vegetative species richness for this environment is one of the highest recorded for
temperate zones, with some areas showcasing up to 40 unique species per square meter
(Peet & Allard, 1993; Walker & Peet, 1984). A major contributor to habitat change was
fire suppression practices and policy, which disrupted the health and composition of
vegetative communities that evolved in the Southeast (Landers, Van Lear, & Boyer 1995;
Komarek, 1968; Ryan, Knapp, & Varner, 2013; Shea, 1940). This loss in natural habitat
has greatly decreased the populations of floral and faunal species. As an example, 187
plant species endemic to longleaf systems in the Coastal Plains are considered rare, and
all three mammalian longleaf pine specialists-the fox squirrel (Sciurus niger), Florida
mouse (Podomys floridanus), and southeastern pocket gopher (Geomys pinetus) – are in
drastic decline (Means, 2006; Van Lear et al., 2005; Walker, 1998). The steady decline of
species richness and abundance observed across trophic levels has alarmed ecologists,
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land managers, and hunters, inspiring restoration projects throughout the Southeast
(Brockway et al., 2005; Brockway et al., 2009; Cox et al., 2004; Jose, Jokela, & Miller,
2006; Provencher et al., 1998).
Experiments and site surveys are commonly conducted alongside restoration
projects to observe ecosystem change, monitor restorative success, and guide future land
management decisions for the area of interest (Ruiz-Jaen & Aide, 2005). One of the most
difficult components of conducting a successful restoration project is establishing a longterm surveying regime to continue to assess ecosystem change over time (SER, 2004). To
do this, a surveying protocol should be designed to complete a site inventory as to
provide the foundational knowledge necessary for evaluating responses to treatment. It is
vital to collect information on the study area’s vegetation, soils, disturbance regimes,
climate, and socioeconomic influences to better understand where to focus restoration
efforts, how to allocate resources, and all current and future land management decisions
(Garnier & Navas, 2012; Perez-Harguindeguy, 2013).
Our study area, the Camden Battlefield and Longleaf Pine Preserve in Camden,
SC (34.3587302317, -80.6083375666), is a longleaf pine restoration project, being
headed by the Historic Camden Foundation (HCF) with design and implementation done
by Forest Land Management, Inc. As seen in Figure 1, the 476-acre property is composed
of multiple stand types: two stands of about 55-year-old mixed pine and hardwood (188
acres, shown in red), three stands 22-year-old loblolly plantation (201 acres, shown in
light blue), one stand of 19-year-old longleaf pine plantation (21 acres, shown in yellow),
two stands along the eastern and western property boundaries of bottomland hardwood
(62 acres, shown in dark blue), and a remnant 5-acre patch (shown in orange) (Myers,
2017). This area is historically significant in that it is the exact location of the American
Revolution’s Battle of Camden, a major loss for the colonial army that occurred on
August 16th, 1780 (Lewis, 2013; Smith, Legg, & Wilson, 2009). In 2017 HCF acquired
the land, which since the battle had been used as livestock pasture and timber production,
a big change from the old growth longleaf savanna that had persisted here for hundreds of
years thanks to natural lightning strikes and Native American fire management practices
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(Coughlan & Nelson, 2018; Myers, 2017; Ryan, Knapp, & Varner, 2013; Smith, Legg, &
Wilson, 2009). The main goal pursued by the HCF and its collaborators is to restore the
area to the ecosystem present when the battle occurred in 1780.
In our case, that ecosystem would be a longleaf pine savanna characteristic of the
Carolina Sandhills. This ecoregion is a thin area parallel to the coast that is the transitory
zone between the Atlantic Coastal Plain and Piedmont regions and was created by ancient
coastal beach formation in the Miocene (Frost, 2006; Gilliam & Platt, 1998; Peet, 2006).
Soils here are generally sandy, acidic, and low in organic matter, such as Ultisols and
Entisols, which cause xeric and low nutrient conditions (Brockway et al., 2005; Peet,
2006). Surface sand layers can be incredibly deep, ranging in depth from 3m in Florida to
up to 185m in the Carolina Sandhills (Brockway et al., 2005; Cox, 2004). Endemic
vegetative communities are most often upland pine forests, but this composition varies
with greater water availability (Peet, 2006). Peet (1993, 1998, 2006) and Walker (1998,
2006) extensively studied the vegetative communities of this region and have both
produced essential resources like community classifications and species lists that further
describe the vegetation characteristic to the region.
We set out to study two questions: 1) how stands with different management
histories (i.e., loblolly plantation and thinned mixed hardwood and pine) impact the
vegetative community and soil composition, and 2) how did applying a prescribed burn
immediately alter (i.e., same year response) the vegetative and soil properties of a
previously thinned mixed hardwood and pine stand? We hypothesize that the loblolly
plantation stands will have significantly more trees, which in turn will cause excessive
litter accumulation, decreased understory richness and abundance, and acidic, low
nutrient soil conditions. We also hypothesize plots surveyed following a burn will have
the highest richness and diversity overall but specifically in the understory, with an
increase in important plant delineations such as legumes, grasses, and composites. Soil
properties observed at post burn plots will be different than pre-burn conditions.
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METHODS
Site Description and Plot Design
Plots were randomly placed throughout five of the stands at the Camden
Battlefield (Figure 1): two stands of about 55-year-old mixed pine and hardwood (188
acres, shown in red) and three stands of 22-year-old loblolly plantation (201 acres, shown
in light blue). The two stands had been thinned in May and June of 2018, by removing all
oaks and thinning the pine overstory (P. elliotti, P. palustris, and P. taeda) to 50-60 basal
area (BA). Each stand had five plots (Figure 1), making 25 total survey plots throughout
the battlefield. Each plot was a radial design (Figure 2) based off the Assessment,
Inventory, and Monitoring vegetation survey protocol conducted by government agencies
(U.S. Forest Service, Bureau of Land Management) in western ecosystems (MacKinnon,
et al., 2011). Plots had a plot center designated by a rebar and a coordinates point
collected on (Trimble Geo 7X) to enable future surveys to be conducted on this space.
Three transect lines (25 meters long) were established at azimuths of 0ᵒ, 120ᵒ, and 240ᵒ,
with no line data collected from 0-5 meters to prevent influence from researcher impact.
Plot area was approximately 1963.5m2 (without 5m plot center = 1884.96m2). Photos
were taken of each line from plot center to help capture the community composition and
environmental conditions of the area. All data was collected in the months of May and
June for both 2019 and 2020, with overstory data only collected in 2019.
Vegetation Surveying
Various surveying strategies were used to capture the vegetative communities and
soil composition exhibited at each plot, and they were designed to be repeated
indefinitely to provide ongoing monitoring for the restoration project. Each forest layer
(i.e., overstory, midstory, and understory) was assessed with different methods (Figure
3). A species list was generated from observations from the entire area (1963.5m2) where
every unique plant was identified to specific epithet and recorded. This process was aided
by plant identification manuals (Hagan, Strickland, & Malone, 2019; Miller & Miller,
2005; Radford, Ahles, & Bell, 1968; Sorrie, 2011), vegetation community classifications
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(Kjellmark, McMillian, & Peet, 1998; Peet, 2006; Walker, 1998) and web resources
(eFloras, 2021; LBJ Center, 2021; MBG, 2021; NRCS, 2021; SERNEC, 2021).
Overstory data was collected in the “pie wedge” between the lines at 0ᵒ and 120ᵒ
(654.5m2). All woody plants with a diameter at breast height (DBH) greater than 1inch
were recorded, with their species, DBH, and height. Midstory was classified as any
woody plants over 1 meter tall and less than 1-inch DBH. Midstory data was collected
along transect lines, with all plants that meet the criteria within 2 meters of each line
(80m2 surveying area) were identified to specific epithet and measured for height with a
measuring rod. Understory data was also collected along transect lines using line point
intercept (LPI) surveying technique. A pin was dropped at every 0.5-meter mark along a
line from 5 meters to 25 meters, and every plant intercepted was measured for height and
identified to species but occasionally only to genus. Ground cover was denoted by
different categories (i.e., litter, woody litter, bare ground, moss), and if the pin’s ground
hit was a plant base than that plant was recorded as the ground cover. Each line had 40
surveying points, giving 120 total for each plot’s understory.
Soil Collection and Lab Analysis
A soil sample was collected from every plot and sent to the Clemson Agricultural
Service Laboratory to be analyzed. A sample was taken from each plot’s center point and
the end of each transect line. All four samples were then mixed to provide on overall
sample for the plot. Soils were dried, crushed, and screened to prepare for analysis. For
mineral analysis (P, K, Ca, Mg, Na, Zn, Mn, Cu, B), a small portion (4 ml) was collected
from each sample, mixed with 20 ml of Mehlich 1 extracting solution (0.05N HCl +
0.025N H2S04), placed in a mechanical reciprocating shaker (180 oscillations/ minute
with a 4 cm stroke, for 5 minutes), filtered with filter paper and deionized water, and then
extracted to analyze. For determining soil pH, a small portion (12 ml) was collected from
each sample, mixed with 12 ml of deionized water (let stand for 1 hour), and read with a
AS-3000 Dual pH Analyser by LabFit. For measuring organic matter content (OM), some
of each soil sample was added to “high form” porcelain crucibles, heated in a muffler
furnace (2.5 hours at 105ᵒC +/- 5ᵒC for primary measurement, 3 hours at 360ᵒC +/- 5ᵒC
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for secondary measurement), placed in a desiccator to cool, and then weighed. Organic
matter was then calculated based on the following equation:
•

•
•

crucible wt = a
crucible wt + sample wt after 105oC heating = b
crucible wt + sample wt after 360oC heating = c
%OM = ((b-- (c-a))(100) / (b-a)

For determining nitrate-nitrogen (NO3-N) amount, 16 ml of soil was mixed with NO3
extracting solution (173.2 g AL2(SO4)3.18H20, 12.8 g H3BO3, and 0.7222 g KNO3
dissolved into 8 liter of deionized water) and measured with a specific ion electrode.
Statistical Analysis
Data collected was organized and analyzed in R (version 3.6.1, R Core Team
2019), JMP (Pro 14.1.0), and Microsoft Excel. To assess stand differences and before and
after prescribed burn effects, we used either stand treatment (Treatment) or prescribed
burn (Burn) as our independent variables. For Treatment analysis, data collected in 2019
was compared to assess current starting conditions at the battlefield. Stand type served as
the independent variable, with TM representing the ten plots in the thinned mixed pine
and hardwood plots, and LP representing the 15 plots in the loblolly plantation. We
conducted one-way analysis of variances (ANOVAs) on overstory data, with dependent
variables such as trees per acre (TPA), average tree height, and overstory abundance for
different tree type categories (i.e., total trees, only loblolly, other pines, and hardwoods).
Additionally, ANOVAs were done to compare dependent variables relevant to longleaf
pine restoration: overall species richness, woody species richness, and understory species
richness and abundance (with specifically legume, grass, and composite plant categories
analyzed). We also compared forest floor and soil properties such as bare ground, litter,
pH, phosphorus (P), potassium (K), nitrogen (NO3-N), and organic matter (OM). A final
comparison between stand types was conducted utilizing Simpson’s Diversity Index,
whose equation is:
∑ 𝑛(𝑛−1)

Ds = 1- ( 𝑁(𝑁−1) )
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with n being the number of individuals in a species and N being the total sample size.
Simpson’s takes into account richness and evenness of an area, so the closer an output is
to 1, the greater the diversity of that community. These calculations were compared using
a one-way analysis to test for significant difference between Treatments.
For Burn analysis, data collected on burned plots (TM 6-10) in 2019 (i.e., preburn conditions) and in 2020 (i.e., post-burn conditions) was utilized, with Pre-Burn and
Post-Burn serving as our independent variable dichotomy. To assess before and after
prescribed burn effects, similar dependent variables used in the Treatment analysis were
analyzed with a series of ANOVAs: overall species richness, woody species richness,
understory species richness and abundance (with specifically legume, grass, and
composite analyzed), bare ground, litter, pH, phosphorus (P), potassium (K), nitrogen
(NO3-N), and organic matter (OM). Burn plots were also assessed for community
similarity observed in Pre- and Post-Burn vegetation communities tallied with understory
data collected. We utilized Sorenson’s Coefficient (CC), whose equation is:
CC = 2C / S1 + S2
with C being the number of species the two communities have in common, S1 is the total
number of species found in community 1, and S2 is the total number of species found in
community 2. For our study, Pre-Burn plot species lists were used for S1 and Post-Burn
plot species lists were used for S2. Simpson’s Diversity Index was also compared to
assess burn effects on overall community diversity.
As a final comparison of immediate treatment response, we analyzed data
collected in 2020 at burned thinned plots (TM 6-10) to all loblolly plantation plots (LP 115). We aimed to further understand how TM stands were responding to treatments
applied to the battlefield since its acquisition by HCF in 2017 (i.e., thinning and burning)
were altering the environmental conditions compared to untouched LP stands. We
utilized the same dependent variables listed above in the Burn analysis with a series of
ANOVAs to assess the two stand types. Simpson’s Diversity Index was also compared to
assess silvicultural treatment effects on overall community diversity.
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RESULTS
Stand treatment differences
There were 170 species observed at the Camden Battlefield, with 162 of them
identified to specific epiphet (Table 1). Our analysis on Treatment data revealed loblolly
plantation (LP) plots and thinned mixed pine and hardwood (TM) plots had significant
differences, especially with the overstory composition. (Overstory data discussed here
presented as rounded whole numbers, as we are discussing amount of trees. Please
reference Table 2 for exact averages between plots.) LP had a significantly greater
abundance of trees observed than TM (averages 105 vs. 7, respectively, with p-value
=<.0001), and consequently a significantly greater trees per acre (TPA) recorded
(averages 651 vs. 45, respectively, with p-value = <.001). Similarly, LP plots had a
significantly greater loblolly abundance (67 vs. 2, p-value = <.0001) and hardwood
abundance (37 vs. 2, p-value = <.0001). However, TM plots had a greater abundance of
other pine species present (4 vs. 1, p-value = 0.0004). This large volume of trees
observed in LP plots contributed to the significant difference observed in litter counts,
with LP plots having an average of 116.876 points per plot while TM plots showed only
94.700 (p-value = 0.0002).
There were understory differences observed between the two stand types. TM
plots exhibited greater overall species richness compared to LP plots (46.7 vs. 41.3), but
these values were not significant (p-value = 0.0694). However, TM plots had a significant
difference in both understory species richness (28.4 vs. 22.6, p-value = 0.0387) and
understory species abundance (31.70 vs. 12.53, <.0001). More specifically, TM plots had
a greater abundance of grass species (5.75 vs. 1.10, p-value = 0.0058) and a greater
richness of composite species richness (7.70 vs. 4.33, p-value = 0.0035). There was also a
significant difference in bare ground counts, with TM plots having an average of 21.30
points per plot while LP plots had only 0.80 (p-value = <.0001). There was no significant
difference in any midstory or soil data collected.
Analysis of Simpson’s Diversity Index calculations showed a significant
difference in the overall diversity exhibited in the vegetation communities observed. TM
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plots were significantly more diverse overall compared to LP plots (0.844655 versus
0.660346, respectively; p-value = 0.0002).
Pre- and post-burn differences
Our analysis on Burn data collected on plots TM6-10 showed some differences
between the 2019 (pre-burn) and 2020 (post-burn) growing seasons (Table 3). Post-burn
data had greater overall species richness compared to pre-burn data (55.40 vs. 42.60), but
these values were not significant (p-value = 0.0613). However, there was a significant
difference detected in understory species richness (35.60 vs. 23.60, p-value = 0.0075) and
specifically grass species richness (4.60 vs. 2.60, p-value = 0.0150). There was no
overstory data to analyze as there was no impact whatsoever from the fire on canopy
trees present at each plot. Additionally, there was no significant difference in any
midstory or soil data collected.
Our calculated Sorenson’s coefficient (CC) comparing the similarity of vegetative
communities and therefore the change in species richness observed at burned thinned
(TM 6-10) and unburned thinned (TM 1-5) plots between 2019 and 2020 revealed
significant differences (Table 4). The closer a CC is to 1, the smaller the change between
the vegetative communities being compared. In this case, the changes observed in species
richness for burned plots were greater between growing seasons than they were for
unburned plots (p-value = 0.0022). Unburned thinned plots showed less change between
years, with the average Sorenson’s being 0.7647921, whereas burned thinned plots had
an average CC of 0.6614408. Analysis of Simpson’s Diversity Index calculations showed
no significant difference in the overall diversity exhibited in the vegetation communities
observed in Pre- and Post-Burn conditions, though 2020 observations were calculated to
have been more diverse (0.825937 versus 0.901105, respectively; p-value = 0.2364).
Our analysis comparing the burned thinned plots (TM 6-10) to all loblolly
plantation plots (LP 1-15), based on the data collected on environmental conditions
present in 2020, revealed significant differences in both understory and soil observations
(Table 5). TM burned plots had significantly greater overall species richness (53.60 vs.
42.00, p-value = 0.0050) and specifically a significantly greater understory species
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richness (34.30 vs. 23.2667, p-value = 0.0011). There was significantly more bare ground
exposed, with TM burned plots having an average 10.50 points per plot while LP plots
had 0.20 (p-value = 0.0152). The majority of soil observations showed no significant
difference except for nitrogen (NO3-N), where TM burned plots had significantly more
detected in the soil (0.50 parts per million (ppm) vs. 0.066 ppm, p-value = 0.0394). There
was no significant difference in any midstory data collected.
Analysis of Simpson’s Diversity Index calculations showed a significant
difference in the overall diversity observed in untouched LP plots and the 5 burned TM
plots, with TM plots shown to be more diverse (0.705226 versus 0.901105, respectively;
p-value = <.0001).

DISCUSSION
Stand treatment differences
The high density of the loblolly overstory in the plantation stands at the Camden
Battlefield is definitely having an impact on the understory conditions (Table 2). At
around 650 trees per acre those loblolly pines are competing for resources with
understory vegetation and even with each other. Plus, a groundcover composed of a thick
layer of pine needles could be severely impacting herbaceous species richness and
diversity by inhibiting access to available soil moisture and nutrients, causing low
success rates of germination and establishment. Knapp and Seastedt (1986) found that
species richness decreases in grasslands due to a thick litter layer, and that early growing
season burns can resolve this issue.
The mixed pine and hardwood stands had been thinned a year before our survey
took place, which may have been enough time to influence the area and our results. There
were significantly more grasses observed in the thinned plots and a significantly greater
richness of composite forbs. Both factors have implications on management practices for
the battlefield. A greater abundance of grasses in a stand will aid in the spread of
prescribed ground fires, which will increase the fire’s impact on the overall treatment
area (Brockway & Lewis, 1997; Sparks, 1998). Additionally, an area with a variety of
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asters will in turn be able to support a diverse community of pollinators, which will
positively impact the amount of diversity exhibited in each trophic level up the local food
chain (Van Lear et al., 2005). Our observations of significantly greater understory species
richness in the thinned plots will also contribute to overall community diversity, while
enabling greater productivity and a greater resistance to invasive and pest species (Piper,
2007; SER, 2004). We infer that the larger amount of bare ground exposed will increase
seed germination and will increase the frequency of granivores, such as northern
bobwhite quail, foraging at the battlefield. It should be noted that these inferences and our
analysis are based on stands that were thinned to 50-60 BA, a heavy thinning that is a
common practice in longleaf pine restoration.
Pre- and post-burn differences
Our assessment on post-burn conditions observed in 2020 has allowed us to
expand on our interpretations on differences between stands exhibited in 2019 (Table 3).
The increase in overall species richness, with an average of 12 additional species
identified at post-burn plots, will contribute to the aforementioned factors of wildlife
diversity at our site, creating more cover and foraging spaces for a greater variety of
organisms of all trophic levels (Means, 2006). Specially, the prescribed fire applied in
March may have attributed to the increase of understory richness, not only providing the
above benefits but also bringing the battlefield closer to resembling its historic longleaf
pine savanna conditions (Landers, Van Lear, & Boyer, 1995; Piker, 2004; Smith, Legg,
& Wilson, 2009). We also saw these trends in increased species richness, increased
understory richness, and increased bare ground exposed in comparing our burned plots to
our untouched loblolly plantation stands (Table 5). These findings align with Brockway
& Lewis, (1997), whose study showed evidence that dormant season burns can increase
understory plant species richness, evenness, and diversity. However, contradictory to
their study, we did not find any significant difference in our midstory data or the amount
of litter observed. This may be due to the spatial arrangement of vegetation at the
battlefield at the time of burn or burn seasonality (Collins, 1987).
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Our Sorenson’s calculations (Table 4) also support our efforts to restore the
historic understory richness, with burned plots significantly dissimilar to their 2019
conditions compared to their unburned counterparts. A change that could have
contributed to this vegetative community shift could be the increase in grass species
richness observed in post-burn plots. Bunchgrasses, in conjunction with other herbaceous
and litter groundcover, are hugely influential on the movement of fire through an
understory (Landers, Van Lear, & Boyer, 1995; Peet, 1993; Peet & Allard, 1993).
Therefore, their aboveground biomass would be damaged and possibly appear nonexistent by sustaining the flow of a surface fire through an environment (Strong, Ganguli,
& Vermeire, 2013; Wenk, Wang, & Walker, 2011). This damage could possibly kill the
entire plant and would free resources for other grass species to fill that niche space.
However, Ripley et al. (2015) found that C4 Andropogon spp. exhibited rapid regrowth
following a fire disturbance, so this increase in grass species richness may be a shortlived phenomenon. Unless fire is prescribed annually or biannually, our observed
understory conditions will be short lived, as the area will become a shrub-dominated
ecosystem (Brockway & Lewis, 1997; Glitzenstein & Streng, 2003; Rowe, 2010).
Potential for errors
Both sampling seasons (i.e., 2019 and 2020) were conducted by different field
crews composed of undergraduate students. The learning curve of the first season due to
becoming familiar with a new vegetative community may have negatively impacted our
ability to truly capture species richness. Species that may have been truly unique lineages
may have been accidentally lumped together under one name with the assumption they
were same thing. Similarly, the familiarity of the community present may have allowed
for further exploration into identifying specimens with the possibility of being unknown
species the following season. To compound this possible lapse in identification accuracy,
students brought different degrees of background knowledge to this work and were better
at spotting and identifying some individuals compared to others. With this in mind, we
present our work here under the assumption that all species identified and tallied are
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indeed correct, and with the assurance that everyone involved with the project did their
best to support that assumption.
Future research
As mentioned at the beginning of this paper, we designed this study for indefinite
implementation to catalog ongoing changes at the battlefield in response to silvicultural
and restoration management treatments. Long-term monitoring is not often utilized in
restoration projects, which jeopardizes the potential of meeting desired goals (SER,
2004). At the bare minimum, routine annual or biannual administration of our line point
intercept (LPI) understory survey would provide consistent feedback on groundcover
composition. There are more efficient ways to sample the overstory conditions than what
we have done here, but we believe the LPI method is easy to understand and apply,
making it conducive for providing long-term information.
There was a harvest planned for the two southern loblolly plantation stands for the
spring of 2020 (applied in conjunction with the prescribed burn to the eastern thinned
plot), however that did not happen due to the global pandemic caused by COVID-19. We
would like to see information collected following whenever the harvest is applied, to
further explore how these treatments are impacted our study area. Szitar et al. (2016)
determined that pine plantations complicate current treatments and may have lasting
effects on management efforts. There are a few studies analyzing longleaf pine
restoration efforts in the Carolina Sandhills (Glitzenstein & Streng, 2003; Wenk, Wang,
& Walker, 2011), but we believe more information should be collected on this niche
environment to provide guidance to future longleaf pine restoration efforts.
Management implications
Based on our results, the following are our recommendations for practitioners
specializing in longleaf pine restoration projects:
•

Dormant season burns may not impact woody species presence, but their
application will benefit understory richness and evenness.

•

Apply thinning treatments for desired outcomes such as increased species
richness and specifically increased understory species.
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•

A long-term monitoring protocol should be considered when designing a
restoration plan in order to gauge the success of restoration efforts.

CONCLUSION
Our research provided us more background on the ecology and history of the
Camden Battlefield and Longleaf Pine Preserve. This information will serve us in
prioritizing our restoration management plan’s proposed treatments. Our findings allow
us to conclude that a prescribed burn will increase the diversity of the vegetation
community and thus the quality of wildlife habitat. Additionally, we recommend thinning
or even clearing the loblolly stands to transition to more open-structured longleaf
overstories. These initiatives should revert the area back to a resemblance of the
ecosystem present during the Battle of Camden and will maintain the desired vegetative
community composition if regularly administered. To guide long term maintenance, the
Historic Camden Foundation and its collaborators could survey the battlefield utilizing
our protocol to build off what we have learned and presented from this study.
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TABLES
Table 1. Major plant species identified at the Camden Battlefield and their conjoining
categories. We were able to key out 162 of the 170 species observed at the battlefield.
This table offers a sample of our observations and provides context for the following
tables showcasing analysis results from comparing Treatment plots and pre- and postBurn conditions. Author names have been omitted to avoid excessive clutter, but all full
botanical names can be accessed through the USDA Plants Database (NRCS, 2021), or
the Southeast Regional Network of Expertise and Collections (SERNEC, 2021).
Plant Category
Pines

Species Name
•
•
•
•
•

Hardwoods

•
•
•
•
•
•
•
•
•

Other Notable Woody Species*

•
•
•
•
•
•
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Pinus elliotti (Slash pine)
P. palustris (Longleaf pine)
P. taeda (Loblolly pine)
Acer rubrun (Red maple)
Carya spp. (C. pallida and C.
tomentosa)
Liquidambar styraciflua (Sweetgum)
Magnolia virginiana (Virginia
magnolia)
Persea borbonia (Redbay)
Quercus spp. (Q. falcata, Q. incana,
Q. laevis, Q. margaretta, Q.
marilandica, and Q. nigra)
Sassafras albidum (Sassafras)
Cornus florida (Flowering dogwood)
Crataegus flava (Sandhill hawthorn)
Diospyros virginiana (Persimmon)
Gaylussacia dumosa (Dwarf
huckleberry)
Gelsempium sempervirens (Carolina
jessamine)
Hypericum hypericoides and H.
perforatum (St. Andrew’s cross and St.
John’s wort)
Ilex opaca (American holly)
Juniperus virginiana (Eastern red
cedar)
Parthenocissus quinquefolia (Virginia
creeper)
Prunus caroliniana and P. serotina
(Carolina lauralcherry and black
cherry)

•
•
•
•
•
•
•

Legumes (Fabaceae)

•
•
•
•
•
•
•
•
•
•
•
•

Grasses (Cyperaceae, Juncaceae, or
Poaceae)

•
•
•
•
•
•
•
•
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Rhus copallinum (Winged sumac)
Rubus spp. (R. cuneifolius, R.
flagellaris, and R. hispidus)
Smilax spp. (S. auriculata, S. glaca,
and S. rotundifolia)
Toxicodendron pubescens and T.
radicans (Poison oak and ivy)
Vaccinium arboreum (Sparkleberry)
Vitis rotundofolia (Muscadine grape)
Amorpha herbacea (Clusterspike false
indigo)
Astragalus michauxii (Sandhills
milkvetch)
Baptisia cinerea and B. tinctoria
(Carolina wild indigo and Northern
wild indigo)
Clitora mariana (Butterfly pea)
Desmodium viridflorum (Velvetleaf
ticktrefoil)
Galactia erecta and G. regularis
(Erect and eastern milkpea)
Indigofera caroliniana (Carolina
indigo)
Lespedeza spp. (L. angustifolia, L.
hirta, L. procumbens, and L. repens)
Lupinus diffusus (Oak ridge lupine)
Mimosa microphylla (Littleleaf
sensitive-briar)
Rhynchosia reniformis (Dollarweed)
Tephrosia virginiana (Goat’s rue)
Andropogon virginicus (Broomsedge
bluestem)
Aristida purpurascens (Arrowfeather
threeawn)
Carex spp. ᵻ
Cyperus plukenetti (Plukenet’s
umbrella sedge)
Danthonia sericea and D. spicata
(Downy danthonia and oat grass)
Gymnopogon ambiguus and G.
brevifolius (Bearded skeletongrass and
shortleaf skeletongrass)
Juncus dichotomous (Forked rush)
Panicum spp. ¶
Saccharum alopecuroides (Silver
plumegrass)

•
•
•

Composites (Asteraceae)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Other Notable Understory Species §

•
•
•
•
•
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Schizachyrium scoparium (Little
bluestem)
Scleria triglomerata (Tall nutrush)
Antennaria plantaginifolia (Plaintainleaved pussytoes)
Cirsium horridulum and C. repandum
(Yellow and sandhill thistles)
Conyza canadensis (Canadian
horseweed)
Coreopsis major (Whorled tickseed)
Erigeron annuus and E. strigosus
(Easern daisy and prairie fleabanes)
Erechtites hieraciifolius var.
hieraciifolius (American burnweed)
Eupatorium spp. (E. capillifolium, E.
compositifolium, and E. hyssopifolium)
Froelichia floridana and F. gracilis
(Plains and slender snakecottons)
Hieracium flagellaris and H. pilosum
(Hawkweeds)
Krigia biflora (Twoflower
dwarfdandelion)
Lactuca canadensis and L.
graminifolia (Canadian and grassleaf
lettuce)
Liastris cokeri and L. spicata
(Sandhill’s and dense blazing stars)
Pseudognaphalium obtusifolium
(Rabbit tobacco)
Packera anonyma (Plain ragwort)
Pityopsis graminifolia (Narrowleaf
silkgrass)
Solidago odora and S. stricta (Sweet
and wand goldenrods)
Asclepias spp. (A. amplexicaulis, A.
variegata, and A. verticillata)
Euphorbia curisii, E. exserta, and E.
ipecacuanhae (Curtis’ spurge and
American ipecac)
Opuntia humifusa (Eastern prickly
pear)
Passiflora incarnata (Purple
passionflower)
Stylisma patens (Coastal Plain
dawnflower)

•

Trachelospermum difforme (Climbing
dogbane)

* Measured mostly along midstory lines, but occasionally was large enough to be
measured with the overstory or small enough to be considered understory.
ᵻ Carex grasses were not identified to specific epiphet because that is very difficult to do.
¶
Panicum grasses were not identified to specific epiphet because that is very difficult to
do.
§
Species that did not fit the understory categories listed above but deserve recognition
for their wildlife value and other ecological impacts.
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Table 2. Comparison of the two prominent stand types seen at the Camden Battlefield:
loblolly plantation (LP) and thinned mixed pine and hardwood (TM). LP plots had
significantly greater overstory measurements, such as trees per acre (TPA), number of
trees measured per plot (Overstory Abundance), and number of loblolly and hardwoods
measured per plot (Loblolly Abundance and Hardwood Abundance, respectively). The
dense overstory may have attributed to the significant seen in understory measurements,
particularly the diversity and amount (Understory Species Richness and Understory
Species Abundance, respectively), Grass Species Abundance, and Composite Species
Richness. There were also significant differences seen in soil surface, with TM plots
having more bare ground exposed while LP plots showed more litter cover (pvalue=<.0001 and 0.0002, respectively). (df = 1)
Parameter

P-value

LP
Mean

TPA
Avg. Tree Ht
(m)
Overstory
Abundance
Loblolly
Abundance
Other Pine
Abundance
Hardwood
Abundance
Overall
Species
Richness
Woody
(shrubs/vines)
Species
Richness
Midstory
Species
Richness
Understory
Species
Richness

<.0001
0.0023

651.413
9.5530

Standard
Error
13.354
1.0557

<.0001

105.067

<.0001

TM
Mean
44.640
15.2630

Standard
Error
16.355
1.2929

4.0132

7.200

4.9152

67.4000

1.8644

1.8000

2.2834

0.0004

0.53333

0.48703

3.70000

0.59649

<.0001

37.1333

4.1973

1.7000

5.1406

0.0694

41.3333

1.7819

46.7000

2.1824

0.7599

18.733333

2.9632672

18.3

4.0565448

0.3713

6

2.035401

5

3.4641016

0.0387

22.6000

1.6733

28.4000

2.0494
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Understory
Species
Abundance
Legume
Species
Richness
Legume
Species
Abundance
Grass Species
Richness
Grass Species
Abundance
Composite
Species
Richness
Composite
Species
Abundance
Bare Ground
Litter
Soil pH
Phosphorus
(lbs./acre)
Potassium
(lbs./acre)
Nitrogen
(ppm)
Organic
Matter (%)

<.0001

12.5333

2.6982

31.7000

3.3046

0.3601

4.06667

0.51929

3.30000

0.63600

0.1545

0.900000

0.24044

0.350000

0.29448

0.4319

3.46667

0.21082

3.20000

0.25820

0.0058

1.10000

1.0194

5.75000

1.2485

0.0035

4.33333

0.65371

7.70000

0.80063

0.2186

0.500000

0.20293

0.90000

0.24854

<.0001
0.0002
0.7354
0.5753

0.8000
116.867
4.60000
11.4000

1.7266
3.1160
0.11091
2.3367

21.3000
94.700
4.66000
9.3000

2.1146
3.8163
0.13584
2.8618

0.5397

31.0000

3.0475

28.0000

3.7323

0.3741

0.540000

0.11164

0.700000

0.13674

0.9688

3.60667

0.26637

3.59000

0.32623
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Table 3. Comparison of environmental conditions observed at Pre- and Post-Burn plots
(TM 6-10). Across all categories, there was greater species richness observed at all postburn plots, but not all of these increases were significant. Post-burn plots had a
significantly greater understory and specifically grass species richness (p-value = 0.0075
and 0.0150, respectively). In comparison to Table 1, understory abundance measures
were not included because there was no significant difference and overstory
measurements were not taken due to lack of silvicultural application. (df = 1)
Parameter

P-value
0.0613

Pre-Burn (2019)
Mean
Standard
Error
42.6000
4.1605

Post-Burn (2020)
Mean
Standard
Error
55.4000
4.1605

Overall
Species
Richness
Woody
(shrubs/vines)
Species
Richness
Midstory
Species
Richness
Understory
Species
Richness
Understory
Species
Abundance
Legume
Species
Richness
Grass Species
Richness
Composite
Species
Richness
Bare Ground
Litter
Soil pH
Phosphorus
(lbs./acre)

0.7947

19.0000

2.1024

19.8000

2.1024

0.2562

4.60000

1.7349

7.60000

1.7349

0.0075

23.6000

2.3896

35.6000

2.3896

0.1385

20.0000

8.5100

39.80000

8.5100

0.1558

1.60000

0.81240

3.40000

0.81240

0.0150

2.60000

0.45826

4.60000

0.45826

0.1170

6.00000

1.1269

8.80000

1.1269

0.9536
0.9753
0.8254
0.9181

17.20000
94.8000
4.48000
13.8000

7.0633
13.262
0.12410
3.9987

17.80000
94.2000
4.52000
13.2000

7.0633
13.262
0.12410
3.9987
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Potassium
(lbs./acre)
Nitrogen
(ppm)
Organic
Matter (%)

0.6975

31.0000

2.8071

29.4000

2.8071

0.1610

1.00400

0.18493

0.60000

0.18493

0.8150

3.88000

0.53809

4.06400

0.53809
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Table 4. Sorenson’s coefficient (CC) comparing community similarities between data
collected on TM plots in 2019 and 2020. Unburned TM plots (TM 1-5) were then
compared to burned TM plots (TM 6-10) to assess if a prescribed burn influenced the
communities changing over time. The burned plots showed a significant difference to
their pre-burned communities, while the thinned plots that were left unburned showcased
similar communities between 2019 and 2020 (averages 0.661 and 0.764, respectively; pvalue=0.0022). (Degrees of freedom=4)
Unburned Thinned
Plot
TM 1
TM 2
TM 3
TM 4
TM 5

CC
0.739
0.793
0.745
0.752
0.795

Burned Thinned
Plot
TM 6
TM 7
TM 8
TM 9
TM 10
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CC
0.612
0.710
0.693
0.675
0.617

Table 5. Comparison of 2020 conditions for Post-Burn thinned plots (TM) to untouched
loblolly plantation plots (LP). At the time of survey LP plots have not received any
silvicultural treatments, whereas TM plots have been thinned (2018) and burned (2020)
since HCF acquired the property in 2017. In response, TM plots have significantly
greater species richness (p-value = 0.0050), understory species richness (p-value =
0.0011), bare ground exposed (p-value = 0.0152), and amount of nitrogen (NO3-N) found
in the soil (p-value = 0.0394).
Parameter

P-value

LP 2020
Mean
42.0000

Standard
Error
2.3642

TM Post-Burn 2020
Mean
Standard
Error
53.60000
2.8956

Overall
Species
Richness
Woody
(shrubs/vines)
Species
Richness
Understory
Species
Richness
Midstory
Species
Richness
Legume
Species
Richness
Grass Species
Richness
Bare Ground
Litter
Soil pH
Phosphorus
(lbs./acre)
Potassium
(lbs./acre)
Nitrogen
(ppm)
Organic
Matter (%)

0.0050
0.6310

18.7333

0.73629

19.3000

0.90177

0.0011

23.2667

1.8689

34.3000

2.2889

0.2261

7.53333

0.69498

8.90000

0.85117

0.5640

4.73333

0.57618

4.20000

0.70567

0.7233

4.3333

0.29406

4.50000

0.36015

0.0152
0.1740
0.8001
0.7624

0.2000
114.733
4.54667
10.2000

2.4841
4.2074
0.09051
2.4803

10.5000
105.400
4.51000
9.0000

3.0424
5.1530
0.11085
3.0377

0.2194

38.4000

4.5581

29.3000

5.5825

0.0394

0.066667

0.12549

0.500000

0.15370

0.5370

3.62867

0.46154

4.08600

0.56527
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FIGURES

Figure 1. Map of the Camden Battlefield and Longleaf Preserve delineated into stand
types. This study focused on the two stands of about 55-year-old mixed pine and
hardwood (188 acres, shown in red) and three stands 22-year-old loblolly plantation (201
acres, shown in light blue). Five plots per stand (25 plots) were randomly placed utilizing
Google Maps and were established with a Trimble Geo 7X. (Image courtesy of the
author, created through ArcMap 10.8.)
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Figure 2. Diagram of a plot design. Transect lines (20m long) were established at 0°,
120°, and 240°, starting 5m away from the plot center to avoid “sample trample”. Species
lists were generated by walking through and identifying every unique plant species seen
within the entire plot (1963.5m2).
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Figure 3. Diagram of the dimensions for surveying each forest layer: overstory, midstory,
and understory. Overstory, categorized as every woody plant greater than 1in DBH, was
identified to species and measured for height and DBH within lines 0° and 120°.
Midstory and understory measurements were collected along the established 20m transect
lines. Midstory, categorized as every woody plant greater than 1m tall but smaller than
1in DBH that was found within 2m along either side of each transect (4m width total,
80m2), was identified to species and measured for height. Understory, categorized as
every herbaceous plant and woody plants not quantified in the other two categories, was
collected using line point intercept (LPI), where every plant “hit” at 0.5m marks along

84

each line were identified to species and measured for height. Soil surface was
qualitatively assessed with descriptors (i.e., litter, bare ground, etc.) at each LPI point as
well.
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Figure 4. Differences in species richness (number of species identified per plot) for each
plot Pre- and Post-Burn. Overall, there was a greater number of unique species observed
in each plot post-burn (p-value=0.0613).
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Figure 5. Differences in understory species richness (number of species identified along
LPI transect lines per plot) for each plot Pre- and Post-Burn. Overall, there was a
significantly greater number of unique species observed in each plot post-burn (pvalue=0.0075).
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Figure 6. Differences in grass species richness (such as Schizachyrium scoparium
(Michx.) Nash, Andropogon virginicus L., Danthonia spicata (L.) P. Beauv. Ex Roem. &
Schult.), Saccharum alopecuroides (L.) Nutt., and Panicum spp.) for each plot Pre- and
Post-Burn. Overall, there was a significantly greater number of unique grass species
observed in each plot post-burn (p-value=0.0075).
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CHAPTER THREE: Little Bluestem (Schizachyrium scoparium (Michx.) Nash) Seed
Source Study in Conjunction with Longleaf Pine Restoration in the Carolina
Sandhills

ABSTRACT
Little bluestem (Schizachyrium scoparium (Michx.) Nash) is an ecologically
significant warm-season bunchgrass in longleaf pine savannas, providing necessary fuel
for carrying surface fires and wildlife value to a biodiverse ecosystem. Due to the
environmental and soil conditions present within the Carolina Sandhills ecoregion, there
is reason to believe that S. scoparium populations found here may be morphologically
and behaviorally different compared to those found in contrasting environments. In
conjunction with a longleaf pine restoration project based in Camden, SC, we sought out
to understand this potential for ecotypic variation. The management plan for the Camden
Battlefield and Longleaf Pine Preserve involved broadcast seeding initiatives, so to aid in
this goal our study was to answer the following questions: does seed source matter, and
are site preparation treatments necessary for improving little bluestem establishment and
survival? We conducted a small-scale field experiment within a longleaf pine plantation
to compare locally collected and commercial sourced (i.e., Roundstone Native Seed LLC)
seeds, by assessing the amount, height, weight and reproducing capability of plants
across plots that had either been disced, raked, or received no treatment. We also
conducted a greenhouse experiment to further compare the growth differences between
the local and commercial plants. Our data supports the theory of ecotypic variation, with
significantly more local plants observed over the final four measurement stints at the
battlefield. Local plants also exhibited different root-to-shoot ratios in the greenhouse
experiment, though we did not find any significant difference between site treatments.
INTRODUCTION
Prairies and savannas were once dominating ecosystems across North America,
composed of a wide diversity of highly productive bunchgrasses, legumes, and
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composites (Camill et al., 2004; Kline & Howell, 1999). They stretched from the
Appalachians to the Rockies, from the Gulf Coast to the Great Lakes, traversing over a
myriad of environments with differing topographical, hydrological, and physiochemical
conditions (Miller, 2013; Packard & Mutel, 1997). However, since European colonization
and invasion across the continent, natural grasslands have declined over 99% of their
historic range, making these one of the most endangered ecosystem types of the Western
Hemisphere (Rowe, 2010). This is due to alteration of the landscape for agricultural
practices (i.e., plowing fields for crops and establishing pastureland for raising domestic
livestock), excluding naturally occurring, ecologically significant surface fires, and
clearing land for road and infrastructure construction (Camill et al., 2004). These levels
of intensive land use change have significantly decreased the vegetative diversity and soil
mineral and microbial quality of these various regions, seriously jeopardizing agriculture
productivity and overall ecological community support in the long-term (Packard &
Mutel, 1997). Therefore, many prairie restoration programs have been initiated at the
local, state, and federal levels in order to conserve remnant patches or convert negatively
impacted land back to historic conditions (Miller, 2013).
However, though there is unanimous recognition for the need to restore these
areas, there is still a lot of work to be done on deciding the best practices in doing so
(Camill et al., 2004; Miller, 2013). Many comprehensive references (Packard & Mutel,
1997; Smith et al., 2010; Helzer, 2009) highlight general practices and techniques, but
there remain many questions yet to be answered about restorations with specific
environmental conditions. A major topic for debate in restoration ecology is where to
source seeds used for re-establishing historic vegetative communities (Gustafson et al.,
2018). Due to the widespread nature of this ecosystem type, many of the species
comprising a prairie community can be found in a range of latitudes, elevations, and
moisture gradients (Hereford, 2009; Leimu & Fischer, 2008). This in turn may influence
evolutionary trajectories of individual species to become genetic variations called
ecotypes, who are highly adapted to the conditions of their local environment (Leimu &
Fischer, 2008; Lowry, 2012). For restoration project managers working in areas with
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more extreme settings (i.e., greater altitudes, drier soil conditions, etc.), the question of
where to source seeds may be even more crucial (Miller, 2013).
Little bluestem (Schizachyrium scoparium (Michaux) Nash) is a warm-season
perennial bunchgrass found throughout the contingent United States, lower Canadian
provinces, and northern Mexico (Fedewa & Stewart, 2011; Packard & Mutel, 1997;
Radford, Ahles, & Bell 1968; Sorrie, 2011; Tober & Jensen, 2013). This is a C4
photosynthetic species, whose highly productive and efficient metabolic rate enables S.
scoparium (Michx.) Nash to persist in a range of environmental conditions (Barden,
Halfacre, & Parrish, 1987; Packard & Mutel, 1997; Tober & Jensen, 2013). Yet because
of its shade intolerance and smaller growth form, it is generally found in drier, upland,
sandy sites, as it is outcompeted in more mesic areas by larger prairie species such as big
bluestem (Andropogon gerardii Vitman), Indiangrass (Sorghastrum nutans (L.) Nash),
and tall dropseed (Sporobolus compositus (Poir.) Merr.) (Collins, 1987; LaGory, LaGory,
& Perino 1982; Packard & Mutel, 1997; Tober & Jensen, 2013). Due to its wildlife value,
erosion control properties, and high net productivity, little bluestem is frequently used in
grassland restorations (Huff et al., 1998; Tober & Jensen, 2013). However, numerous
studies have concluded evidence of ecotypic variation within this species, making its use
a point of interest in the seed source debate (Bragg et al., 1966; Fu et al., 2004; Gustafson
et al., 2018; Huff et al., 1998).
In the southeastern United States, a major focus in restoration efforts and funding
is for the longleaf pine savanna, an ecosystem that, due to anthropogenic influences
discussed previously, is currently less than 97% of its pre-European range (Brockway &
Lewis, 1997; Frost, 1993; Landers, Van Lear, & Boyer 1995; Peet, 2006; Sparks et al.,
1998; Van Lear et al., 2005). This highly diverse ecosystem, noted for exhibiting an
open-structured canopy of longleaf pine (Pinus palustris Miller) and maintained by semifrequent (i.e., every 1-5 years) ground fires, is one of the most species rich floral and
faunal communities observed in all of temperate North America (Brockway et al., 2005;
McIntyre et al., 2008; Means, 2006; Way, 2006). The fires, traditionally ignited by
lightning and Native American peoples, are a necessary disturbance for maintaining
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community health and composition, providing such benefits as: reducing woody species
encroachment; clearing the ground for new vegetation germination and establishment;
controlling harmful forest insect and pathogen populations; improving wildlife forage and
cover habitat; and reducing plant density and fuel load, which offsets the possibility for
the occurrence of ecologically catastrophic wildfires (Brockway & Lewis, 1997;
Brockway et al., 2006; Komarek, 1968; Landers, Van Lear, & Boyer 1995; Means, 2006;
Ryan, Knapp, & Varner, 2013; Sparks et al., 1998; Van Lear et al., 2005).
These ecologically significant fires were carried by the species rich understory, in
particular the bunchgrasses, who moved and mitigated the fires across hundreds of miles
of forest floor, creating a mosaic effect in the landscape that contributed to the overall
biodiversity of the region (Gustafson et al., 2018; Kush, Meldahl, & Boyer, 2000; Sparks
et al., 1998; Walker, 1998). For much of the longleaf pine savanna’s historic range, the
main bunchgrass species with this responsibility is wiregrass (Aristida stricta Michx. and
A. beyrichiana Trin. & Rupr.) (Peet, 1993; Van Lear et al., 2005; Walker & Silletti,
2006). However, there is a strip through central South Carolina (SC) where wiregrass is
excluded and little bluestem is the primary bunchgrass species (Landers, Van Lear, &
Boyer 1995; Peet & Allard, 1993; Walker & Silletti, 2006; Way, 2006). This area,
running from the northwestern corner of SC to the coast between the 35ᵒN to 33ᵒN
latitudes, has been dubbed the “Wiregrass Gap”, and traverses all of the major ecotones
exhibited in the state: Piedmont, Southeastern Plains, Fall-Line Sandhills, and Atlantic
Coastal Plain (Peet, 1993; Peet, 2006; Walker & Silletti, 2006). The longleaf pine
savanna ecosystem dominated in large part the lower elevation regions, ranging inland
from the coast up to 200 miles (Brockway et al., 2005; Peet 2006). Due to the extreme
scale of habitat loss experienced by this ecosystem, many public and private landowners
of degraded pastureland and loblolly plantation have been conducting restoration projects
in an effort to reinstate the vegetation communities and fire regime characteristic to this
endangered forest type (Brockway et al., 2005; Gustafson et al., 2018).
One such project currently underway is the Camden Battlefield and Longleaf Pine
Preserve (34.3587302317, -80.6083375666), a 476-acre property with stands of 20-year-
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old loblolly plantation, recently thinned (e.g., Summer 2018) mixed-pine, and a small
section of longleaf plantation (Figure 1). The land (hereafter referred to as the Camden
Battlefield or battlefield) was acquired by the Historic Camden Society in 2017, whose
main management objective is to revert the area back to how it would have looked during
the Battle of Camden, a Revolutionary War battle that occurred at the site August 16th,
1780 (Myers, 2017; Smith, Legg, & Wilson 2009). Camden, SC is located in the Carolina
Sandhills, an ecologically and edaphically unique ecotype formed by the beaches of
Miocenic oceans, that exhibits xeric, sandy soil types, such as Ultisols and Entisols
(Brockway et al., 2005; Peet, 2006). According to local climate date collected by the
National Oceanic and Atmospheric Administration (NOAA, 2021), Kershaw County and
specifically Camden, SC typically exhibits a mild climate. The hottest months are July
and August, experiencing average daily maximum and minimum temperatures of 32.4ᵒC
and 20.7ᵒC, and the coolest months are December and January, with average daily
temperatures of 46.5ᵒC and 44.2ᵒC, respectively. The growing season is typically 192
days, starting April 14 and ending around October 23 (NGA, 2021). The average annual
precipitation received is 120.269 centimeters with April and November being the driest
month (both have an average precipitation of 7.5cm). The battlefield is also located
within the boundaries of the Wiregrass Gap, though the current little bluestem population
is not a prominent presence in the local understory (Myers, 2017). Therefore, increasing
the local little bluestem population is a top priority for initial restoration efforts.
As previously discussed, there is evidence of ecotypic variation within S.
scoparium (Michx.) Nash. The individuals found within the dry, sandy conditions of the
Carolina Sandhills may exhibit different physical properties and growth habits compared
to other populations of this species (Hereford, 2009). Also, due to the nature of grass
seeds (i.e., very small, lightweight, low quantities of stored nutrients), many grassland
restoration resources recommend disturbing the ground layer as to expose mineral soil,
which increases the likelihood of germination (Packard & Mutel, 1977; Walker & Silletti,
2006). Some suggestions for soil disturbance and regulating current vegetative
competition include disking, raking, or prescribed fire (Howell & Kline, 1992; Limb et
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al., 2011; Packard & Mutel, 1977). For that reason, we had two questions on how to
proceed: where should the little bluestem seeds be sourced, and is any site preparation
required prior to seeding the battlefield? To test this, we conducted a small-scale field
experiment comparing the germination and persistence of locally collected and
commercially produced little bluestem seeds over the 2020 growing season in plots that
either received disking, raking, or no site treatment, as well as compare the seed sources
growth rates over time in a controlled greenhouse experiment. We hypothesized that local
seed would have the most and largest plants with the most inflorescence by the end of the
growing season, though the commercially produced seed may initially exhibit higher
germination and growth rates. We hypothesized that plots receiving either of the site
preparation treatments would have higher rates of germination and establishment. For the
greenhouse experiment, we hypothesized local seeds would have a larger root-to-shoot
ratio compared to the commercially sourced seeds.
METHODS
Seed Collection
Commercial seeds (RS) were acquired from Roundstone Native Seed (Upton,
Kentucky), who produce the seed from populations grown in southern Kentucky (KY).
This is the closest large-scale seed producer to the battlefield, and before
experimentation, it was the preferred source by the Camden Battlefield restoration project
managers (Gustafson et al., 2018; Myers, 2017). Local seed (CAM) was collected from
about 30 flowering S. scoparium individuals found throughout the study area in
November 2019 (Mijnsbrugge, Bischoff, & Smith, 2010). Seeds were stored unprocessed
(i.e., as chaffy seeds, which consists of the caryopsis and its conjoined appendages;
Springer, 2005) in a paper bag indoors (22ᵒC) throughout the winter until time of
planting.
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Site Description and Experimental Design
The field experiment was conducted in a 21-acre stand of plantation-style planted
longleaf pine (aged estimated to be 19 years old) (Figure 1). Logging slash, woody
debris, and needle accumulation had been mulched the previous year (August 2019), and
the understory was undisturbed during the course of the experiment until pine straw was
harvested in September 2020. Understory vegetation was sparse, and consisted of a mix
of grasses and forbs, such as Eupatorium spp., Solidago spp., Lespedeza spp., Carex spp.,
and Danthonia spp. Soils at the battlefield are sandy (3.71% organic matter) and acidic
(average pH reading 4.578).
CAM and RS seeds were broadcasted seeded in plots that received one of three
site preparation treatments: digging (Dig), which emulated a discing machine such as a
chisel plow or a rototiller; raking (Rake), which emulated a rake attachment for a skid
steer; and doing nothing (None), an option often chosen by forest managers with large or
steep tracts of land needing reseeding. In total there were six treatment combinations
(CAM-disc, CAM-rake, CAM-none, RS-disc, RS-rake, RS-none) and these were tested
across the stand with five replications of a grid plot design (Figure 2). Grids (2mx4m)
were composed of eight, 1m2 plots that were randomly assigned one of the treatments or
designated as a control (two controls per grid). Grids were randomly placed throughout
the interior of the stand away from logging roads, trails, or tree bases. Preliminary studies
the previous summer showed incredibly low germination rates, and this was speculated to
be caused by low soil moisture availability and/or seed predation. To mitigate these
possible environmental hazards, we used animal exclosure boxes (constructed of roughcut pine boards, aluminum screen cloth (0.635X0.635cm) and polypropylene wildlife
netting (1.27X1.27cm)) and a drip-irrigation system (composed of 4 liter reservoirs and
landscape mesh). Box design aimed to eradicate herbivore and granivore effects while
still allowing adequate solar radiation and available moisture to reach germinating seeds.
Milk jugs serving as water reservoirs were refilled each time plants were measured
(approximately every 2-4 weeks). This provided an additional 3.8mm across each 1m2
plot without precipitation.

95

Construction and Implementation
Experimental grids were established March 2-6, 2020. Boxes were assembled and
partially buried (to prevent burrowing granivores) and site was prepped a few days before
seeds were broadcasted (Figure 3). Shovels and rakes were manually utilized to provide
the effects of disking and raking (i.e., eliminate above- and belowground vegetative
competition or eliminate only aboveground competition, respectively). Amount of seed
broadcasted per treatment plot was determined by weight (Fedewa & Stewart, 2011;
Meyer & Gaynor, 2002; Tober & Jensen, 2013), which at this small of scale was rounded
up to 2.00-2.02g/plot. Seeds were broadcasted on March 6, an incredibly windy day and
so more seed was broadcasted on March 13, bringing the total seed for each plot to be
4.001-4.0317g (RS plots received approximately 3074-3097 seeds, CAM plots received
approx. 3187-3209 seeds).
Data Collection
Count and height data was collected for all plots approximately every 2-4 weeks
(13-47 days, mean=23 days) throughout the growing season (n=9). The first
measurements were taken on April 27, 2020 and the last were recorded on October 3,
2020. On the final date for data collection inflorescence count was recorded, and all
present living plants were harvested, dried, and weighed to compare aboveground
biomass across treatments. Weather data was calculated using Weather Underground.
Daily readings for maximum temperature, minimum temperature, and precipitation were
noted for time between stints, and then averaged to provide an overall assessment on
climate conditions observed since the previous measurement stint. The proportion of
rainy days observed since the previous measurement stint were recorded over the
cumulative amount due to the varying amount of time elapsed between stints (i.e., 13-47
days, mean=23 days).
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Greenhouse Experiment
The greenhouse experiment was conducted following the growing season to
further compare the seed sources. On Sept. 21, 2020 forty, 6in pots were filled with
potting soil (SunGro Fafard ® 3B Mix Metro-Mix 830) and received 6-10 seeds each
(Tober & Jensen, 2013). Seedlings were pruned 3 times (4 weeks, 8 weeks, and 12
weeks) to only have one individual growing per pot. Greenhouse was kept between 1827ᵒC with plants being watered every day until 12 weeks when they received water every
other day. Testing began at 5 weeks which entailed three individual plants for each seed
source prepared for measuring lengths and biomass of roots and shoots. Approximately
every 3 weeks individuals were gently removed from soil and cleaned with a water bath
to remove soil, perlite, and bark from roots. Roots were massaged and teased apart with
tweezers and a slowly swirling agitator so as not to damage the finer root hairs. Once
cleaned plants were measured for length of each body portion and placed in paper bags to
dry. Plants were dried for approximately 48 hours at 65ᵒC and then weighed using a fine
scale balance (Oahu’s Model AS120). Dried plants were cut with a razor at the crown to
weigh above and belowground biomass parts separately. Length and weight
measurements were utilized to generate root-to-shoot (R-S) ratios.
Statistical Analysis
Data collected on count, height, inflorescence, and biomass was analyzed in R (v.
3.6.1), JMP (Pro 14.1.0), and Microsoft Excel. Count data was analyzed as a repeated
measures ANOVA, with the number of plants as the dependent variable, and seed source
(Source), site preparation treatment (Treatment), and Time serving as independent
variables. Height data was analyzed in a similar way. Findings were further analyzed
with student’s t-tests and Tukey-Kramer HSD tests to determine the difference between
specific treatment means. To investigate the impact weather had on plant growth a
stepwise regression was used, with model fit critiqued by Akaike’s Information Criterion
(AICc). Data collected at the final measuring stint (i.e., count, height, aboveground
biomass, and inflorescence) was analyzed using an ANOVA where the listed variables
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served as dependent variables with Source and Treatment as independent variables.
Greenhouse data was analyzed using oneway analysis.

RESULTS
Question 1: Does seed source matter?
Significant differences in survival between Camden (CAM) and (RS) plants
(Table 1 and Figure 4) were detected at the end of the growing season (total plants
observed being 938 and 460, respectively). Seed source and time were also significant in
a repeated measures ANOVA where number of plants was the dependent variable (Time
p-value=<.0001). While there were significantly more RS plants early in the growing
season (p-value = 0.0056) by the latter half CAM plants persisted and were greater in
number (p-value = <0.001). CAM plots also exhibited more inflorescence and greater
biomass compared to RS, but this was in relation to there being significantly more CAM
plants (Table 2 and Table 3). Proportionally, RS plots exhibited a greater amount of
inflorescence, with an average of 17% of plants measured having seed heads whereas
only 8% of the plants measured in CAM plots did. Similarly, RS plants were generally
larger, having an average weight 0.50 g whereas CAM plants were 0.26 g, and an average
height of 29.368 cm versus 20.949 cm. Both the inflorescence and biomass data were
significant when comparing Source plots to Controls (p-values being 0.0438 and 0.0102,
respectively; df=2), but were insignificant when only Source plots were compared (pvalue = 0.86 and p-value = 0.95, respectively; df=1). Heights observed were significantly
different between Source plots (p-value = <0.0001).
The data observed in the final measuring stint at 29 weeks post planting is not
reflective of the entire experiment. There were significantly more RS plants than CAM
plants (Table 1 and Figure 4) at weeks 7, 9, and 11 (p-values 0.0056, 00.060, and 0.0053,
respectively). The trend was reversed between weeks 13 and 15, when there was an
increase of 741 total plants observed (mean=49) in CAM plots (Figure 5), and RS plots
only had an increase of 241 total plants (mean=11). Week 15 showcased the greatest
number of total plants observed for each Source (CAM=1220 plants, RS=851). Following
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this measuring stint, Source plots experienced a slight decrease in total plants, but CAM
plots maintained a significantly greater amount of plants at weeks 18, 21, 25, and 29 (pvalues 0.0232, 0.0063, 0.0003, and <.0001, respectively). Throughout the experiment, an
accumulative total of 643 RS plants died compared to 477 CAM plants. Height data
between Source plots was insignificant.
Oneway ANOVAs with the greenhouse data revealed that RS plants had a
significantly greater weight compared to CAM plants in weeks 18, and 21 (p-values =
0.0325 and 0.003, respectively). RS plants were also significantly longer at week 8, and
were almost significant at weeks 11 and 24 (p-values = 0.0125, 0.0547, and 0.0549,
respectively). For both species, shoots were significantly longer compared to roots at
weeks 8, 11, 15, 18, 21, and 24 (0.0499, 0.0414, 0.0346, 0.0029, 0.0003, and 0.0045,
respectively). However, when considering root-to-shoot ratios (R-S), CAM plants had a
greater R-S ratio by length for the entire experiment and by weight for the first three
measurements (Figures 6 and 7). Length ratios were determined to be significant at week
11 (p-value = 0.0311), whereas weight ratios were significant at week 18 (p-value =
0.0039). A oneway analysis of the data collected at 5 weeks showed both R-S ratio data
to be significant, with CAM plants exhibiting an R-S ratio by length 2.5 times greater
than RS plants (respective averages 1.15 versus 0.46, p-value = 0.0015) and a R-S ratio
by weight 3 times greater (respective averages 1.46 versus 0.45, p-value = 0.0358).
Question 2: Is site preparation treatment necessary?
There was significant difference in the amount of plants present between site
preparation treatments (Treatments: Dig, Rake, and None) at 29 weeks post-planting (pvalues=0.0029). However, this significance was detected only when Treatments were
compared with Controls, who received neither site preparation nor broadcast seeding.
Data collected at 29 weeks showed Dig plots had an average of 50 plants, Rake plots 60
plants, and plots that received no treatment (None) 48 plants. A Tukey-Kramer HSD test
showed all comparisons between Treatments had p-values greater than 0.82. In terms of
inflorescence and biomass data, there was no significant difference for either
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measurement between Treatment plots; significance was only detected when Treatment
plots were compared to Controls (Table 4).
According to a repeated measures ANOVA, Treatment plots were significantly
different throughout the duration of the experiment (p-value=0.0333; Table 5 and Figure
8). Specifically, significance was detected at weeks 18, 25, and 29 (p-values 0.0413,
0.0124, and 0.0154, respectively). However, this difference was only significant when
Control plots were factored into analysis; otherwise, there was no significant difference
in number of plants detected between Treatment plots. Rake plots had the greatest
number of plants from week 13 onward. Height data between Treatment plots was
insignificant.
Climate Data
According to the stepwise regression where AICc is the criterion for determining
the best fit model, the climate parameter that explains the greatest amount of variation in
number of plants present is precipitation (AICc=4364.34; Table 6). Running the model
showed this parameter did have significance in affecting number of plants present (pvalue=0.0496), but that minimum temperature also held significance (<.0001).

DISCUSSION
Does the seed source matter?
In summary, there was a significant difference detected in the number of plants
established and persisting in the different seed source plots (Table 1 and Figure 4). The
first three measuring stints in April and May showed significantly more commercially
sourced Roundstone plants, while the final four measuring stints in July, August,
September, and October showed significantly more locally collected Camden plants. This
shift in majority is an important indication of local source importance. Roundstone plots
initially exhibited greater germination energy (the time needed for seedling
establishment) and germination rates (the amount of viable seeds versus total seeds) than
Camden plots. Roundstone’s website advertises that they, “…produce, clean, and
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condition our seed, controlling quality so the seed you receive is [g]uaranteed to be viable
and free of noxious weed seeds and impurities (Roundstone, 2021). However, there was a
majority shift observed in June, with Camden plots exhibiting significantly more plants
throughout the later summer and fall months. This may be attributed to achieving the
ideal local environmental conditions necessary for field germination and persistence
(Gustafson et al., 2018; Shaidaee, Dahl, & Hansen, 1969; Springer, 2005).
The increase in CAM plants observed midway through the experiment may be
due to CAM plants being better suited for the environmental conditions displayed at the
Camden Battlefield. Further evidence to support this claim can be seen in the greenhouse
data (Figures 6 and 7), where CAM plants were found to have a consistent and significant
difference in R-S ratio by length throughout the duration of the experiment, and a
significant difference in R-S ratio by weight at the very beginning of the experiment. Our
findings show that CAM plants prioritize root development over growing leaves,
especially when they are initially establishing. This emphasis on root growth may be the
pivotal difference between CAM and RS plant survival in dry, low-nutrient environments
that occur in the Carolina Sandhills region (Brockway et al., 2005; Peet, 2006; Springer
2005). Having a well-established root system would allow little bluestem plants to persist
regardless of temperature increase and mild drought conditions (Packard & Mutel, 1997;
Tober & Jensen, 2013).
Local seed collection may be favored over purchasing stock from a commercial
source for restoration projects in the Sandhills in that chaffy seed may be preferable over
cleaned seed (i.e., caryopses). Springer (2005) claims that chaffy seeds, “…tend to have
greater seed dormancy than more heavily processed seed, allowing for earlier planting in
less favorable conditions”. The sharp increase in number of CAM plants observed
between weeks 13 and 15 (Figure 5) could be due to the local environment finally
displaying ideal conditions for germinating and establishment, and that the unprocessed
chaffy seeds from field collection had retained dormancy and remained viable until
conditions were favorable. RS plants had been significantly greater in number before this
point (Table 1 and Figure 4), but they could not sustain this trend throughout the growing
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season because they are not suitable for the local climate and soil conditions, supporting
the claim of “morphologically and behaviorally diverse [little bluestem] populations’
(Bragg, 1966). Additionally, Dhillion and Friese (1992) determined little bluestem to be a
“highly mycorrhizal” plant, signifying that plants from outside sources would lack fungal
symbiotic relationships necessary for survival. Little bluestem is also generally regarded
as difficult to germinate in the field due to limitations in available soil moisture (Howell
& Kline, 1992; Kline & Howell, 1999; Meyer & Gaynor, 2002). Therefore, it is referred
to as an episodic germinator, relying heavily on local precipitation rates on the area being
seeded (Shaidaee, Dahl, & Hansen, 1969). If we would have relinquished our primitive
attempts at irrigation in part or completely, we may not have seen any RS plants in our
experiment, as it would have been a true test in the Camden Battlefield’s local conditions.
Little bluestem seed is best collected by hand or harvested using a commercial
seed stripper (600-800 rpm) when the seeds are mature, generally mid- to late fall.
Lightweight seeds are difficult to process, but ideally, they should be air dried and
debearded before storing (Tober & Jensen, 2013). In sourcing little bluestem for longleaf
pine restoration projects specifically, Gustafson et al. (2018) provides guidance on seed
sourcing, concluding that there are four distinct regions throughout the Southeast with
genetically distinct populations. Restoration projects occurring within these designated
regions may find higher rates of little bluestem germination, establishment, and
persistence if effort is made to obtain seeds from within their project area’s
corresponding seed zone (Fu et al., 2004; Gustafson et al., 2018; Huff et al., 1998). More
specifically, effort should not only be put into sourcing from the correct zone, but also
into finding similar habitat types to the restoration site. Mijnsbrugge, Bischoff, & Smith
(2010) determined that sourcing seeds from populations that are further away but from
areas with similar environmental conditions may be better suited compared to closer
populations from contrasting environments. Ideally, efforts should be focused on
sourcing seeds from areas based on climatic, geologic, geomorphologic, topographic, and
latitudinal properties.
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Similar to other grassland systems, the longleaf pine ecosystem traverses a range
of environmental conditions. Prioritizing local seed sources may ensure long-term
restoration success by establishing self-sustaining populations adequately adapted to the
observed conditions (Walker, Hermann, & Kollmann, 2015). Utilizing locally collected
seeds for restoration projects over ordering from commercial seed companies generally
requires more time, funding, and labor, but may provide more benefits to the restoration
area long-term (Mijnsbrugge, Bischoff, & Smith, 2010. For sites with difficult
environmental conditions, such as incredibly xeric or hydrophilic soils, this extra work
may be considered necessary for restoration success.
Does site preparation matter?
Though there were differences in number, size, and biomass of plants observed in
Treatment plots, these differences were only significant when Control plots were factored
into analysis (Table 5 and Figure 8). However, the overall insignificance found in this
part of the study has important implications to restoration and reseeding projects. Seed
source is more impactful to re-establishing little bluestem populations than site
preparation treatments. This finding has immediate impact on not only the restoration
plan for the Camden Battlefield, but potentially on grassland management initiatives
throughout the Carolina Sandhills. Longleaf pine restorations generally involve intensive
silvicultural treatments (i.e., thinning, clearcutting), which greatly impact the ground by
turning over soil layers, uprooting understory plants, and breaking up woody debris
(Brockway et al., 2005). We believe the disturbance caused by overstory management is
enough preparation for understory restoration efforts (Cox et al., 2004).
We are by no means advocating for no site preparation treatment, but only in that
it does not need to be a priority in a restoration plan. Silvicultural treatments provide
enough soil disturbance to reduce competing vegetative presence and increase seed
contact with mineral soil, negating the need for treatment application specific to
understory re-establishment (Hu et al., 2016). Our Treatment plots that received no
disturbance (denoted as None; Table 5 and Figure 8) may have been untouched by our
work in this experiment, but that does not mean they have remained that way throughout
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recent history. Prior to experiment establishment in August 2019, this stand was treated
with a forestry mulcher, reducing the amount of woody debris and pine needles covering
the forest floor. This preemptive action is considered a type of site preparation, as pine
litter and other organic matter build-up can greatly inhibit seed germination (Springer,
2005; Szitar et al., 2016). Mulching was not done in conjunction with our experiment, but
nevertheless it definitely impacted our results.
Potential for errors
Across plots, there were more CAM seeds planted than RS, with an average of
4.019 g broadcasted compared to 4.013 g (p-value = 0.04). This translates to about one
hundred extra CAM seeds planted, with CAM plots having received on average 3199
seeds while RS plots received 3084 seeds. However, the conversion factor tallied may not
be totally accurate, because CAM seeds were stored as unprocessed, chaffy seeds. This
means that the seed mixes measured for broadcasting potentially included bits of pedicel,
rachis, glumes, paleas, and lemmas (Springer, 2005). When a portion of seeds were
measured and counted for conversion after weighing, these parts were easily discarded,
because only a small number of seeds (i.e. less than 100) were required for this
calculation. Therefore, the conversion factor for CAM seed amount to weight (796 seeds
to 1 g) may be too high an estimate and may actually be closer to the commercially
cleaned and processed RS conversion factor (768 seeds to 1 g). Additionally, commercial
seed producers tend to prioritize retaining larger seeds when cleaning and processing
collected seed crops (Gustafson et al., 2018; Mijnsbrugge, Bischoff, & Smith, 2010),
which may also be factoring in to the difference in weight-to-seed count ratio calculation.
Only utilizing larger seeds will give the RS plots a smaller weight-to-seed conversion
estimate.
To better test the effects of site preparation experiments, we should have included
Dig and Rake treatment squares in each box that did not receive broadcast seeding. This
would have enabled analysis on how the local seedbed would respond to disturbance and
provided some concrete evidence on site preparation techniques specific to restoration
projects in the Carolina Sandhills region. Another related critique is Control plots
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probably exhibited a mix of CAM and RS seedlings because the exclosure box sides
entrapped the naturally wind dispersed broadcasted seeds. Any plants measured in
Control plots may have originated from the local seedbed, however it is very likely that
we had some cross contamination of seed sources between plots due to the small scale of
the experiment.
Future research
If this experiment were to be repeated, it would be to increase the experiment’s
scale across time and space. The number of measurements collected throughout the year
may not have truly capture the entirety of the local growing season. The last
measurement stint in October 2020 showed significantly more locally sourced CAM
plants than commercially produced RS plants, but on average RS plants were larger and
exhibited more inflorescence. This phenomenon could be because the last measuring stint
did not fully capture the end of the growing season for CAM plants. The phenology of
the Camden Battlefield’s local bluestem populations may be different than those sourced
from populations grown at Roundstone Native Seed in Hardin County, KY, and larger
CAM plants with more seedheads may have been observed if another measuring stint
would have occurred at the end of October or beginning of November. Likewise,
Mijnsbrugge, Bischoff, & Smith (2010) claim that local seeds may take a couple years to
outperform non-local or commercial plants in both size and reproduction. An ideal
experiment replication would be to test these hypotheses across multiple years.
Management implications
The following are the major takeaways of this study most applicable for land
managers and practitioners involved with longleaf pine restoration:
•

Prioritize local seed collection over the convenience of utilizing commercially produced
seed, especially for grassland species.

•

Maintain genetic diversity by collecting seed from multiple (20≤) reproducing, healthy
individuals.

•

If seed collection is not possible at or near the management site, source seeds from an
environment that mimics the conditions present at the focal site. Choose sites based on
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similarities observed in climate, soils, topography, and hydrology more so than
proximity.
•

Capitalize on understory and soil disturbances caused by silvicultural treatments instead
of prioritizing site preparations specific to understory restoration as they have the same
effects on soil surface and herbaceous vegetation.

•

Consider supplemental irrigation (if possible) for little bluestem seeding initiatives.

CONCLUSION
Our data provides evidence that seed source should be taken into consideration
when reseeding little bluestem in the Carolina Sandhills. In this small-scale ecotypic
variation study, we found that during our last measuring stint in the beginning of October
there were significantly more locally sourced plants present than commercially sourced
ones. This significance has direct management implications not only to the Camden
Battlefield’s restoration plan, but to other similar projects occurring in this region. The
environmental conditions of the Carolina Sandhills are unique compared to the adjacent
ecoregions, and special consideration should be given to choosing seeds from populations
established under similar conditions. Due to the piecemeal state of longleaf pine
ecosystems throughout the southeastern U.S., there are few unaltered vegetative
communities to pull from. However, when considering pioneer species, such as the
grasses and forbs that generally compose prairie environments, there is still a lot of
potential to collect locally, if not even from small strips of undisturbed land such as
roadsides and fallow pastures. Based on our results, we recommend that land managers
emphasize locating and collecting seed from neighboring, healthy, genetically diverse
populations of their focal species rather than putting time and resources to prescribing
any site preparation treatments such as discing or raking. We argue that due to the
intensive silvicultural treatments required in longleaf pine restorations, the ground will be
disturbed enough to be ideal conditions for herbaceous species establishment.
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TABLES
Table 1. Plants observed by seed source (Source) for the duration of the experiment as
analyzed by a repeated measures ANOVA. RS had significantly more plants observed at
weeks 7, 9, and 11 (*), but there were significantly more CAM plants observed at weeks
18, 21, 25, and 29 (ᵻ). We infer this trend of there being significantly more CAM plants
would have continued had there been any more measurements taken before the first frost.
Control plots totaled between 30 and 170 plants per measurement stint, with an average
of 93 total plants observed. (Degrees of freedom=2)
Weeks

p-value

CAM

RS

Average

Stand error

Average

Stand error

7

0.0056*

7

1.871877

33

9.794654

9

0.0060*

10

2.95363

36

10.43949

11

0.0053*

15

3.692549

39

10.19393

13

0.2072

33

7.561725

53

15.52045

15

0.0699

81

16.82251

57

12.73483

18

0.0232ᵻ

77

11.65605

46

11.34509

21

0.0063ᵻ

72

10.24085

40

8.5786

25

0.0003ᵻ

68

9.194097

36

5.679928

29

<.0001ᵻ

63

7.901095

31

4.932561
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Table 2. Results of data collected at the final measuring stint (October 2-3, 2020). CAM
plots had significantly more plants present (Table 1), however RS plots displayed greater
average biomass and more inflorescence presence. This data was significant only when
compared to Control plots (Table 3); otherwise, there was no significance. Similarly,
there was no significant difference detected between Treatment plots (Table 4).
Source

Treatment

Control
CAM
CAM
CAM
RS
RS
RS

Control
Dig
Rake
None
Dig
Rake
None

Total Plants
77
292
352
264
123
182
141
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Average
Biomass (g)
0.390331
0.302923
0.282772
0.227551
0.643282
0.494681
0.344767

Inflorescence (%)
14%
12%
12%
6%
22%
20%
10%

Table 3. P-values from oneway-analysis comparing inflorescence (top right) and biomass
(bottom left) data (Table 2) at the final measuring stint (October 2-3, 2020) based on
Source. There was no significant difference detected between Source (p-value = 0.86 and
p-value = 0.95, respectively; df=1), the only significance detected was when Source plots
were compared to Control plots (p-values being 0.0438 and 0.0102, respectively; df=2).
Control
RS
CAM

Control
0.0243
0.0130

RS
0.1146
0.9577

CAM
0.0414
0.8570

Table 4. P-values from oneway-analysis comparing inflorescence (top right) and biomass
(bottom left) data (Table 2) at the final measuring stint (October 2-3, 2020) based on
Treatment. There was no significant difference detected between treatments, the only
significance detected was when compared to controls.
Control
Dig
Rake
None

Control
0.0373
0.0122
0.2524

Dig
0.0863
0.9691
0.7872

Rake
0.0135
0.8617
0.5172
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None
0.7892
0.4383
0.1170

Table 5. Plants observed by site preparation treatment (Treatment) for the duration of the experiment as analyzed by a repeated
measures ANOVA. Data was significant at weeks 18, 25, and 29, but this was only when one of the active Treatment choices
(i.e., Rake or Dig) was compared to the Control plots, which received neither Treatment application nor broadcasted seeds. All
other Tukey-Kramer HSD tests comparing other Treatment combinations at each measuring stint proved to be insignificant.
(Degree of freedom=3)
Weeks pvalue

Dig

Rake

None

Control

Average Stand.

Average Stand.

Average Stand.

Average Stand.

error

error

error

error

7

0.2880

28

12.63593 22

9.926676

13

6.208328

5

1.963393

9

0.2608

34

12.9127

31

10.03903

17

6.1773478 6

2.601082

11

0.1026

42

12.25543 53

20.04284

37

12.62537

3.75

2.209961

13

0.5112

32

8.390544 58

21.68076

37

13.91686

21

15.8427

15

0.0645

66

15.8326

89

24.62934

52

12.51883

19

14.33582

18

0.0413

57

15.06298 75

17.60458

53

11.41052

17

12.58932

21

0.0509

55

13.75779 66

14.42452

47

9.271222

14

9.764984

25

0.0124

50

11.13378 62

12.50196

44

7.582436

11

6.120808

29

0.0154

44

10.93089 53

10.64769

43

6.847222

9

4.85665
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Table 6. Stepwise regression results where climate parameters were analyzed with respect
to number of plants present. Utilizing the Akaike information criterion (AICc) for model
selection showed that precipitation was the greatest indicator on plant count (p-value =
<.0001).
Climate Parameter
Precipitation
Minimum temperature
Rainy days
Maximum temperature

AICc
4364.34
4365.13
4366.37
4368.4
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FIGURES

Figure 1. Map with aerial imagery displaying the stand types of the Camden Battlefield
and Longleaf Pine Preserve, as well as the locations of the 5 experimental grids in the
longleaf pine stand. This area is located north of Camden, SC, which is situated within
the ecoregion known as the Carolina Sandhills. (Image courtesy of the author, created
through ArcMap 10.8.)

117

Figure 2. Design for the experimental grids. Each box (4m X 2m) was composed of eight,
1m X 1m treatment plots numbered 1-4 along the left side and 5-8 on the right. Six
treatments and 2 controls were randomly selected across these plots. An exclosure of raw
pine board and aluminum screen encircled the outside of the box, measuring about 0.2m
aboveground and 0.1m below (to ward off burrowing granivores).
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Figure 3. An example of an animal exclosure box set-up created for this field experiment.
Five boxes composed of eight, 1m by 1m treatment plots were randomly placed
throughout a stand composed of planted 18-year-old longleaf pines. Photo courtesy of the
authors.
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Figure 4. Total plants by seed source recorded across the 2020 growing season.
Roundstone (RS) initially had significantly more seedlings (p-values for the 7 week, 9
week, and 11 week measuring stints being 0.0056, 0.0060, and 0.0053, respectively), but
by the end of the growing season there are significantly more Camden (CAM) seedlings
(p-values for the 18 week, 21 week, 25 week, and 29 week measuring stints being 0.0232.
0.0063, 0.0003, and <.0001, respectively). This shift occurred between weeks 13 and 15,
where RS plots only gained an average of 11 new plants whereas CAM plots gained an
average of 49 new plants. The last measuring stint at week 29 exhibited a similar trend,
with CAM plots averaging double the amount of plants of RS plots (62 plants versus 31
plants, respectively).
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Figure 5. Total plants by seed source compared to the changes (denoted as lines with “C”
in their corresponding label) observed (plants present minus recorded dead) at each
measurement cycle. As advertised by commercial seed producers, RS displayed a greater
germination energy, with significantly more plants than CAM observed from weeks 7-13
(p-values 0.0056, 0.0060, and 0.0053, respectively). This includes a bump of 241 new
plants observed in week 13. However, this is dwarfed by the increase of 741 new plants
observed by Camden in week 15.
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Figure 6. Root-to-shoot (R-S) ratios by length determined by the controlled greenhouse
experiment for Camden (CAM) plants compared to Roundstone (RS) plants. RS plants
were significantly longer than CAM plants at week 8 (p-value = 0.0125). However, CAM
plants had a significantly greater R-S ratio in terms of length at week 18 (p-value =
0.0039) and was greater in general throughout the entire experiment. This trend signifies
CAM plants prioritize root growth over leaves, which supports our claim that CAM
plants are better suited for survival in a dry environment such as the Carolina Sandhills.
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Figure 7. Root-to-shoot (R-S) ratios by weight determined by the controlled greenhouse
experiment for Camden (CAM) plants compared to Roundstone (RS) plants. Data
collected at week 5 showed the R-S ratio by weight exhibited by the CAM plants was 3
times greater than RS plants, and a oneway analysis for week 11 showed CAM plants
were significantly different than RS (p-value = 0.0311). This initial disparity in root
growth prioritization may be the reason CAM plants are able to successfully germinate
and establish at the Camden Battlefield, enabling them to survive through a time with an
increased likelihood of plant mortality.
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Figure 8. Total plants by Treatment (i.e., Dig, Rake, or None/No treatment) recorded
across the 2020 growing season. From week 13 onward there were more plants detected
in Rake plots compared to the other Treatments. However, this difference was only
significant when Control plots were factored into analysis (p-value = 0.0333); otherwise,
there was no significant difference in number of plants detected between Treatment plots.
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CHAPTER FOUR: Virtual Environmental Education Program for Connecting
Middle School Students to Longleaf Pine Ecology

ABSTRACT
Environmental education and interpretation programs aim to connect students and
the general public to the natural world in an effort to increase environmental literacy, to
enhance environmental affinity, and to encourage sustainable lifestyle behaviors.
Considering the current, reduced range of longleaf pine forests in the southeastern United
States and the investment in virtual learning experiences due to the COVID-19 global
health crisis, there is an opportunity for an online environmental program connecting
children to longleaf pine systems’ ecology. We sought to create a website, equipped with
videos, activities, experiments, and resources, for middle school students’ teachers and
caretakers in an effort to provide material not only during a time of crisis, but as an
attempt to engage a broader audience with an incredibly endangered forest type.
Voluntary surveys for participating teachers and families were designed following
Dillman, Smyth, and Christian’s (2014) and Ernst, Monroe, and Simmons’ (2012)
recommendations. Qualitative feedback and website traffic data showed a positive
correlation between our goals and public response. We believe this framework for web
design, lesson planning, and program evaluation could be applicable to any ecosystem
type for national and even international participants to connect people to places,
organisms, and issues they may not have the luxury of interacting with in person.
INTRODUCTION
Environmental education is a complex, intersectional discipline that aims to
achieve three goals: increase the knowledge a student has about their natural environment
(i.e., environmental literacy), encourage a positive attitude towards that environment (i.e.
environmental affinity), and to be an example of sustainable living founded in
environmentally conscious actions (i.e. sustainable behavior) (Cheng et al., 2013; Ernst,
Monroe, & Simmons, 2012; Monroe, 2003; Monroe & DeYoung, 1994; Petty, Wegener,
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& Fabrigar, 1997; Singh & Rahman, 2012; Tilbury, 1995). Environmental literacy is an
overall understanding of the interactions and interdependences between not only abiotic
and biotic environmental factors, but also how human beings are interwoven within and
supported by both entities (Orr, 1991; Singh & Rahman, 2012). Environmental affinity is
the emotional response people have to recognizing that connection to the natural world,
and the altruistic desire to care for and preserve wild spaces (Monroe, 2003; Monroe &
DeYoung, 1994). Sustainable behaviors are the actions fueled by environmental affinity
and guided by environmental literacy; they are deliberate lifestyle alterations by
individuals in developed society to reduce their overconsumption and damage to
resources such as land, water, air, plants, and animals (Carleton-Hug & Hug, 2009;
Marynowski & Jacobson, 1999). Together, these three attributes create the core of all
environmental outreach initiatives and are the basis for habilitating more eco-conscious
cultures (Ernst, Monroe, & Simmons, 2012; Orr, 1991; Petty, Wegener, & Fabrigar,
1997).
There are two main avenues to connecting the public to these ideals:
environmental education (EE) and environmental interpretation (EI) (Monroe &
DeYoung, 1994; Munro, Morrison-Saunders, & Hughes, 2008; Singh & Rahman, 2012).
EE programming is delivered by an education specialist or team of educators to a captive,
involved audience (McKenzie-Mohr & Schultz, 2014). Programs can be formal in a
traditional classroom setting or more informal and based on exploratory, hands-on
learning (Monroe & DeYoung, 1994). Many tend to be an organic experience influenced
by the questions, needs, and backgrounds of the students present and are frequently
administered outdoors (Ardoin et al., 2018; Marynowski & Jacobson, 1999). EI is based
on personnel, infrastructure, and materials that the public can interact with as they please
when visiting the space of interest (Howard & Office of National Tourism, 2015; Munro,
Morrison-Saunders, & Hughes, 2008). Information can be presented in the form of
interactive exhibits, guides overseeing tables with example specimens, signs, video, and
audio recordings (Munro, Morrison-Saunders, & Hughes, 2008). There are many public
and private organizations outside of the public school system that provide environmental
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education programs, such as state/national parks, state/national forests, non-profits,
sleepaway camps, urban farms, arboretums, botanical gardens, zoos, and museums
(Marynowski & Jacobson, 1999; Singh & Rahman, 2012; Tilbury, 1995). These
programs are only made possible by numerous resources and facilities working together.
Without interested patrons, dedicated volunteers, monetary donations, government
funding, and passionate employees, most environmental education programs would not
exist (Carleton-Hug & Hug, 2009; Marynowski & Jacobson, 1999; Monroe, 2003).
With all of this in mind, it is imperative that each environmental education
organization establishes an evaluation strategy to monitor the success of their outreach
and effort (Carleton-Hug & Hug, 2009; Monroe & DeYoung, 1994; Singh & Rahman,
2012). Unless feedback from participants is collected and analyzed, there is no way to
fully grasp the impact of a program besides the feel-good emotions of the providers and
the seemingly fun time had by those in attendance (Cheng et al., 2013; Marynowski &
Jacobson, 1999). Quantifying the change in an audiences’ environmental literacy,
environmental affinity, and regularity of sustainable behaviors is crucial for determining
if a program is meeting its goals or if it needs to be adjusted in some way (Ernst, Monroe,
& Simmons, 2012; Singh & Rahman, 2012). Without this feedback, educators will
incorrectly assume that their teaching style or lesson delivery is increasing information
retention and understanding in their students and organizations will unfortunately
continue to provide funds and resources in ways that do not truly benefit their community
or natural environment (Ardoin, Clark, & Kelsey, 2013; Carleton-Hug & Hug, 2009;
Monroe & DeYoung, 1994).
The need for evaluation in education has been made even more apparent during
this time of extensive, and in some cases all-encompassing, remote learning. The global
pandemic and its consequential shutdowns caused by the severe acute respiratory
syndrome coronavirus 2 (hereafter referred to as SARS-CoV-2, or COVID-19) has
thrown all education systems into a flux (Adnan & Anwar, 2020; Barouki et al., 2021;
WHO, 2021). Every type of education, from informal to formal settings and from
preschool to university, has been forced to alter the delivery of their instruction to an
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online format while attempting to maintain the quality of that instruction (Adnan &
Anwar, 2020; Basilaia & Kvavadze, 2020; Aivazidis, Lazaridou, & Hellden, 2006).
Many institutions of higher learning already offered degrees that are fully delivered
online, but this is not as common for students enrolled in elementary, middle, or high
school levels (Adnan & Anwar, 2020; Aivazidis, Lazaridou, & Hellden, 2006). Due to
this, the COVID-19 epidemic has put a serious strain on educational programs designed
for those younger students (Basilaia & Kvavadze, 2020).
Though there is an eclectic supply of online resources available for these younger
grade levels, there are currently very few programs who fully deliver all the content
needed to graduate from each grade in a completely virtual format (Aivazidis, Lazaridou,
& Hellden, 2006; Allen & Seaman, 2015). Considering the vastness of the internet,
teachers of all grade levels have access to a wealth of knowledge in the form of news
articles, how-to videos, documentaries, games, simulations, podcasts, and music (Ardoin,
Clark, & Kelsey, 2013; Basilaia & Kvavadze, 2020). However, many of these resources
rely on a single mode of delivery or media for presenting information and are generally
used in congruence with traditional instruction and classwork. Many teachers,
administrators, parents, and guardians have been concerned with how this switch from
classroom and in-person instruction to being fully dependent on historically supplemental
online resources has impacted students’ ability to receive and retain new information
(Basilaia & Kvavadze, 2020).
These concerns are compounded when considered with middle level (grades 4-9)
students, a life stage that is already recognized as a critical time in a young person’s life
in terms of mental, emotional, social, and intellectual growth (Cheng et al., 2013;
Monroe, 2003). This age range encompasses the developmental stages of middle
childhood and early adolescence a time of increased awareness of other’s opinions, points
of view, and social acceptance, while also being a point of independence and selfactualization (Steinberg, Bornstein, Vandell & Rook, 2010). In school, many students
tend to struggle to perform in the sciences during these years, in part due to the increasing
complexity in vocabulary and macro-concepts utilized (Harper, 2018; Singh & Rahman,
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2012). Additionally, many science teachers feel underqualified to adequately deliver the
content required at the level of their students (Patrick & Matteson, 2018). To counter this
phenomenon, many schools prioritize day and overnight field trips as well as outreach
programs to get students engaged and curious about their natural world. Across the
United States, there are numerous partnerships between school districts and
environmental education institutions to introduce these students to topics like biology,
forestry, hydrology, geology, astronomy, paleontology, and ecology. For many
participants, this is the experience that directs their schooling and career interests for the
rest of their formative years, propelling them to seek out further learning and employment
opportunities under these disciplines (Brown, 2010; Monroe, 2003).
Fostering an appreciation for the environment in younger generations should be of
utmost priority due to the current state of many of Earth’s ecosystems, waterways,
climates, and atmospheres. The continued disregard of the general populace for crises
such as climate change, ocean acidification, excessive fossil fuel use, overconsumption of
resources, big agriculture, and inefficient waste treatment systems is alarming (Ardoin et
al., 2018; Brown, 2010). One of the most startling current issues is the huge loss of
natural wilderness spaces and the consequential mass extinction event occurring in all
taxa across the globe (Ceballos, Ehrlich, & Raven, 2020). Appreciation of important and
shrinking ecosystems requires connecting students in an active and personal way with
these places, and the plants and animals that make them home. You can not care about
something you don’t know about and following the model of ecological integrity that
includes knowing, caring, and action (Orr, 1991). Building an ethic of care requires
experiences and stories of place, that can come in person or through online measures.
An ecosystem that has experienced vast reductions in its historic range and native
biota is the longleaf pine savannah of the southeastern United States (Brockway et al.,
2005; Jose, Jokela, & Miller, 2006; Landers et al., 1995; Van Lear et al., 2005). Before
European colonization, longleaf pine ecosystems encompassed an estimated 37 million
hectares throughout the southeastern United States (Frost, 1993; Jose, Jokela, & Miller,
2006; Peet & Allard, 1993). Due to significant land use changes caused by fire exclusion,
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turpentine production, livestock (i.e., hogs) herbivory, and infrastructure development,
settlers and their legacy of land stewardship practices have shrunk the native range of
longleaf pine forests to 3% of their historic spread (Brockway & Lewis, 1997; Landers et
al., 1995; Wahlenberg, 1946; Wakeley, 1954; Way, 2006). This incredible loss to North
America’s most diverse forest ecosystem is devastating, putting hundreds of floral and
faunal species at risk (Landers, Van Lear, & Boyer, 1995; Means, 2006; Van Lear et al.,
2005; Walker, 1998).
To protect the few remaining areas of undisturbed longleaf pine ecosystems and
to restore negatively impacted regions, more people need to be made aware of this forest
type and it’s presently degraded state. Connecting students in public and private school
systems to longleaf pine savannas with traditional, in-person environmental education
operatives would increase awareness and inspire future generations into action based on
their newly-fostered affinity for and knowledge of that habitat type (Jung et al., 2010;
Petty, Wegener, & Fabrigar, 1997). However, there are few parcels of old growth or
unimpacted longleaf pine ecosystems in existence, with some states completely lacking
any remnants (Frost, 1993; Gilliam, 1998; Gustafson et al., 2018; Hardesty; 1999; Outcalt
& Sheffield, 1996). This severely limits schools and their students from being able to
travel to and learn about this environment in a traditional delivery of in-person EE or EI
(Story, 2019). Coupled with the recent restraints enacted as a response to COVID-19, a
limited number of environmental education institutions have been able to deliver their
regular programming anyway and the public’s access to amenities at natural spaces has
been unavailable (Adnan & Anwar, 2020; Barouki et al., 2021). However, there is hope,
in that some of the world’s greatest inspirations for the environment connected with their
audience remotely: Steve Irwin, Sir David Attenborough, Jacques Cousteau (Bradshaw,
2007; Brown, 2010).
In light of all of these historic and current obstacles facing communities who wish
to explore and understand the longleaf pine savannah, this study serves to test whether
that connection can be made through a virtual format. We set out to answer the following
questions:

130

•

How do you help foster environmental literacy and affinity for someone who
may have never been to the ecosystem of interest?

•

How do you encourage conservation behavior change to remote learners?

•

How do you bring an engaging and enjoyable environmental education
experience to remote learners?

We hypothesize that it is possible to connect students to natural spaces they may be
unable to see for themselves by creating a website that serves as a “one stop shop” of all
resources necessary for traditional EE and EI. This virtual resource can be generated in
such a way as to allow easy alignment with schoolteachers’ curriculum while maintaining
a comprehensive interface to allow for asynchronous exploration by interested students,
families, and other patrons from the comfort of their own homes. With the proper blend
of humor, knowledge, action, creativity, efficiency, and speculation, we believe an
environmental education program can be delivered totally online while still delivering the
three previously described attributes of EE and EI (i.e., literacy, affinity, and
conservation behaviors). To test these questions, we designed an evaluation protocol
based on voluntary surveys that would study the response of this type of instruction from
the adults (teachers, educators, parents, and guardians) in charge of administering it to
young adult groups. Website, lesson, and survey construction are outlined below.

METHODS
The research focused on the development of environmental education
programming to support ecological literacy related to the longleaf pine ecosystem, and
old growth forest in the southeastern U.S. existing in a remnant of its original habitat. In
order to do this, we developed an online curriculum following the above-mentioned
framework. The online resources generated were catered to South Carolina residents and
students as this project was done in part to highlight a longleaf restoration occurring in
Camden, South Carolina, by the Historic Camden Foundation. Specifically, the target
audience chosen for this study were middle school students (i.e., grades 4-9), with lessons
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correlated to South Carolina Academic Standards and Performance Indicators for Science
(Zais, 2014; Table 1).
The lessons created for the website (Table 1) had four goals: to improve
environmental literacy (specifically regarding knowledge about longleaf pine savanna
ecosystem), to increase environmental affinity (to the natural world in general), to
introduce and encourage environmentally conscious behavior actions, and to provide
quality environmental education opportunities. Each lesson was composed of two videos,
an activity, and a list of relevant virtual resources to allow further exploration into
discussed topics (i.e., other videos, online games and activities, and articles). The first
video was to introduce the lesson topics and set-up the accompanying activity, and the
second video was to discuss activity outcomes, how those outcomes apply to real-world
observations to longleaf pine ecology, and to remind the participant of the resources
available to explore these ideas further and to submit a survey response to provide
feedback on their experience. Videos were to be informative but informal, with science
topics delivered with the aid of photographs, drawings, and demonstrations (Basilaia &
Kvavadze, 2020; Monroe & DeYoung, 1994). They were made to be engaging, utilizing
language that would be tangible to the desired audience (e.g., middle school students) and
employing the housecat as a lab partner to keep things silly and light (Figure 1). People
are more willing to listen and learn from an educator who connects with them as a
person, and similarly children trust and connect with adult characters and their narratives
more so than listening to other children, especially when the adult aligns with their
identity in some way (Monroe & DeYoung, 1994; Singh & Rahman, 2012). They were
kept short (ten minutes or less), to optimize audience attention span and information
retention (Ardoin et al., 2018; Simgh & Rahman, 2012).
The activities presented in each lesson aimed to be experiment-based, with
students utilizing all or parts of the thought process behind the scientific method. There
were numerous parameters considered in each activity’s design, namely:
•

A portion (or all) of each activity was spent outside.
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•

Any required materials would be readily available in the average household
(i.e., participating students would not be obligated to go purchase anything to
complete the activity).

•

The activity can be completed in any environment at any location.

•

The activity can be done with only one or two participants.

This criterion was primarily devised to work within the confines of virtual learning
imposed by health and safety protocol enacted by state and federal governments during
the COVID-19 pandemic. However, these parameters also enabled activities to be
accessible to anyone across the country (or across the globe) interested in learning about
the longleaf pine savanna. This is a crucial benefit considering most of the projected
audience would have limited ability to travel to this endangered ecosystem type due to its
extreme reduction in range. Activity materials utilized were deliberately chosen to have
eco-friendly alternatives as this is where environmentally conscious behavior actions
were introduced and normalized, an important step to encouraging others to attempt these
lifestyle changes (McKenzie-Mohr & Schultz, 2014; Monroe, 2003; Monroe &
DeYoung, 1994; Singh & Rahman, 2012).
Resources were curated to provide further information on ecological processes
and environmentally conscious behavior actions. These opportunities for further
exploration were sourced from well-known organizations such as South Carolina
Department of Health and Environmental Control (SC DHEC), Project Learning Tree
(PLT), TED-Ed, the Longleaf Pine Initiative, and the United States National Forest
Service (USNFS). Each lesson was also accompanied by an Activity Worksheet, Activity
Instructions, and a Lesson Plan, to provide guidance on activity understanding, execution,
and implementation into established curriculum.
The website (ecoedwithell.com) was generated with the web development
company Wix.com. All the original content (i.e., photos, documents, videos, surveys,
etc.) were organized and presented with one of their free site templates catered to small
business owners. Videos were uploaded to a YouTube channel to allow ease of access to
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all interested users. Site visitation and video views were catalogued by Wix and
YouTube, respectively.
Surveys were created using Qualtrics.com and were directed to two interest
groups: 1) teachers, educators, and school staff, and 2) parents, guardians, and caretakers
(Dillman, Smyth, & Christian, 2014; Ernst, Monroe, & Simmons, 2012). Questions
(Tables 2 and 3) were designed to provide insight on the survey taker’s demographics and
relationship with the outdoors, the child’s demographics and relationship to the outdoors,
their knowledge and interest on the longleaf pine ecosystem, their knowledge and interest
in the lesson’s environmentally conscious behavior, and overall feedback of the lesson
(Monroe, 2012). Surveys and environmental education content were sent to Clemson
University’s Institutional Review Board (IRB) on October 9, 2020 and were determined
by the IRB to meet the criteria for conducting the study on October 28, 2020. Approved
recruitment emails (Dillman, Smyth, & Christian, 2014), which included the website
domain name and surveys, were first sent out to SC middle school science teachers on
November 10, 2020 and were also posted on personal social media pages (i.e., Facebook
and Instagram). Teacher’s contact information was gathered from school district
websites. The website was also sent to various environmental organizations, including the
Environmental Educator Association of South Carolina listserv (EEASC), Historic
Camden Foundation, SC Botanical Garden, Project Learning Tree (PLT), and The
Longleaf Alliance. The website was sent out to all listed parties again on December 7,
2020, and January 27, February 8, March 5, and May 4, 2021. Feedback delivered in the
form of direct messages, emails, and website contact forms were assessed by lesson goals
and objectives (Griffee, 2005; McLellan, MacQueen, & Neidig, 2003).

RESULTS
From when the first recruitment emails were sent on Nov 10 2020, to June 1,
2021 there were a total of 408 site visits conducted by 301 unique visitors, with each
session averaging around 2 minutes (Figure 2). Site visitors were mainly SC residents
(198; reference Table 4) but there were also visitors from Canada, Germany, and the
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United Kingdom. 316 site visits were accessed by direct webname, and 63 site visits were
through Facebook.
There were 373 total views (from first posting to present day June 1, 2021) for all
seven videos posted on YouTube. The average number of views was 53, with 114 views
being the most viewed video (i.e., Introduction Video) and 22 views being the least
viewed videos (i.e., Bugs and Biodiversity Part 2 and Thirsty Trees Part 2).
There was a very low amount of survey response (<5), however there were some
respondents who provided feedback via email or through Wix messenger (Table 5).
Names have been removed to protect participant’s privacy, but most of the feedback
received came from South Carolina residents who fulfill roles such as 7th grade science
teachers, Project Learning Tree Coordinators, and Student Data Managers, and who
worked for organizations such as the Sonoco Recycling Center, Environmental Educator
Association of South Carolina, and the South Carolina Forestry Commission. In general,
educators and families appeared enthusiastic and grateful to have this resource. More
importantly, we found that each piece of feedback received aligned with at least one of
the goals of our study (i.e., fostering environmental affinity, developing environmental
literacy, and encouraging environmentally conscious lifestyles, as well as making
activities fun and easy to complete). South Carolina seventh grade science teachers were
particularly interested, as there are ecology state standards for that grade level (Zais,
2014).
DISCUSSION
The number of site visits done by patrons both nationally and abroad supports our
idea of online educational programming increases a broader audience’s accessibility to an
idea or location. As expected, most visitors both to the main site and the connected
YouTube channel are native to South Carolina, which was the area we focused on
communicating with the most teachers and educators through email contact. However,
there were large amounts of people who visited from states and even countries with no
local longleaf pine forests. Our online program allowed us to connect people from far
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away places to an ecosystems they may have never gotten the privilege to learn about or
explore in person.
Open-ended responses (Table 5) do support the goals that we set out to achieve
with this study. Participants, in particular middle school teachers, were not only very
appreciative of this resource, but were appreciative about specific aspects. Respondents
consistently referred to the website, videos, and activities as “informative”, “interesting”,
“fun”, and “relevant”. They also found them useful in discussing everyday conservation
actions (e.g., recycling and composting), provided easily conducted demonstrations, and
were especially applicable to South Carolinians, who were the target audience of this
study. The comments received from respondents can provide some feedback on the
website, activities, and surveys, allowing us to view this work as a pilot study to
reference for future projects. There are many lessons to be learned from this study, both
in its advantages and shortcomings.
The majority of comments received by participants were positive and many of
them were constructive. This is heartwarming to hear, but not terribly conducive to
critiquing the success of our attempt at creating a virtual environmental education
program. Online surveys were embedded in a page on the website and were totally
voluntary to the user. There was also no tangible incentive (i.e., money, gift card, coupon,
experiential ticket, etc.) given for completing the survey. Considering these parameters,
the surveys may have been difficult to find, difficult to open, difficult to understand,
time-intensive, and uninteresting to the user (Dillman, Smyth, & Christian, 2014).
Together these points were enough to dissuade the user from completing one with the
only reward available adding some information for the sake of the study. We predict that
providing an incentive (most notably monetary) would greatly increase the response rate
for the surveys (Dillman, Smyth, & Christian, 2014; Marynowski & Jacobson, 1999;
Monroe & Adams, 2012). This is especially applicable when working with teachers and
educators employed in a traditional public-school environment, who tend to lack a
surplus of resources and time (Allen, 2010).
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This setback in data collection emphasizes the need for proper program evaluation
design and implementation. The positive affirmations provided by respondents do little
more than lighten our moods and make us feel like we did a good job. Regardless on how
these sentiments make us feel, this obstacle deters us from being able to truly examine the
relevancy and impact of our work. This makes it impossible for us to improve ourselves
or to advise others who are involved with similar endeavors. The lack of response is an
unfortunate discouragement to us, but it is also a regular phenomenon in program
assessment. There are many environmental education programs who do not administer a
robust evaluation regime, and some who do not supply one at all (Ernst, Monroe, &
Simmons, 2012). The quantitative and qualitative data generated from participant
feedback is crucial to advising not only one’s own program development, but to the
environmental education discipline as a whole. Having a better understanding on the
inclusivity and accessibility of an environmental education initiative will allow program
creators and educators to adapt their curriculum and teaching styles to better connect with
their audience and in turn increase their involvement, enjoyment, and retention on the
material being discussed (Marynowski & Jacobson, 1999; McKenzie-Mohr & Schultz,
2014). Additionally, distributing surveys through an online medium is a low cost, widely
available option for collecting user feedback, and there are many web-based and software
features that make the process simple and streamlined for both respondents and
researchers (Dillman, Smyth, & Christian, 2014; Monroe & Adams, 2012).
We were very deliberate in our website design, activity construction, and video
presentation, and we believe our efforts could be useful for others adapting their
curriculum to a virtual format. The current health crisis of COVID-19 coupled with the
continual degradation of our natural spaces are major reasons to create online
environmental programs that can be administered to a wider audience (Adnan & Anwar,
2020; Barouki et al., 2021; Jung et al., 2010). For an environmental program to be
successful in achieving the major goals of increasing environmental literacy,
environmental affinity, and sustainable conservation actions in participants daily lives, a
program needs to overcome the removed mentality of their audience and make them feel

137

part of not only the program, but of the ecosystem the program aims to connect them to
(Marynowski & Jacobson, 1999; Monroe, 2003). Virtual learning programs have the
potential to be incredibly efficient in their outreach, and connect with audiences
regardless of location, age, physical capabilities, or financial status (Aivazidis, 2006;
Jung et al., 2010; Marynowski & Jacobson, 1999; Story, 2019).
To increase outreach potential and audience engagement, material can be
prepared not only as formalized captive environmental education programming geared
towards teachers and families, but also as a means of asynchronous interpretation. With
access to extra resources; a gallery of photos showcasing longleaf ecosystems, organisms,
and ongoing projects; links to other collaborates and affiliates; and each lesson’s
respective YouTube videos, anyone with an internet connection can browse and learn at
their own pace. The duality of presenting information in both an EE and EI format in the
same space can further influence and educate a wider range of users than if efforts were
pooled into only one mode of environmental outreach (Munro, Morrison-Saunders, &
Hughes, 2008).
We advise those embarking on environmental education design to keep the five
key elements recommended by Monroe and DeYoung (1994) in mind when creating an
online resource: character identification, story line, uncertainty and mystery, vivid or
action-rich imagery, and numerical or concrete detail. Introducing audiences to
ecosystems with colorful and specific stories that are delivered by an adult who is
welcoming and humorous will enable audiences, particularly those younger in age, to
connect with any and all wild spaces, regardless of if they are able to physically explore
there or not (McKenzie-Mohr, 2014; Monroe, 2003). Considerations should be made with
including women and minorities into virtual outreaches, as that will engage with a wider
audience who may not see themselves as active participants in the environmental sciences
(Monroe & DeYoung, 1994; Nanda, 2018).
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CONCLUSION
As American educators and teachers look ahead, it is apparent that more aspects
of instruction need to be adapted to an online format. Health, economic, and
environmental crises may hinder a child or class’s ability to attend not only in-person,
traditional schooling, but also extracurriculars such as field trips and environmental
education excursions (Aivazidis, Lazaridou, and Hellden, 2006). Studies have shown that
the current financial standing of public schools, particularly those in rural, remote, or
urban settings, limits schools’ and families’ ability to travel to outdoor spaces for
educational and recreational purposes (Story, 2019). Devising ways to keep these
communities connected to their natural world is vital, not only for creating
environmentally aware and educated citizens but also to ensure the survivability and
longevity of natural systems (Marynowski & Jacobson, 1999). Land will continue to be
altered by anthropogenic industry and infrastructure development, and congruently more
organisms and ecosystems will edge towards endangerment and, without action, eventual
extinction (Ceballos, Ehrlich, & Raven, 2020). The fate of environmental health currently
lies in the hands of educators and other influencers of the next generation to instill a sense
of stewardship, compassion, and action towards the natural world.

139

REFERENCES
Adnan, M., & Anwar, K. (2020). Online learning amid the covid-19 pandemic: Students’
perspectives. Journal of Pedagogical Sociology and Psychology, 2(1), 45-51.
Aivazidis, C., Lazaridou, M., & Hellden, H. F. (2006). A comparison between a
traditional and an online environmental education program. Journal of
Environmental Education, 37(4), 45-54.
Allen, I. E., & Seaman, J. (2015). Grade level: tracking online education in the united
states. Babson Survey Research Group LLC.
Allen, I. E., & Seaman, J. (2010). Class differences: Online education in the united
states, 2010. Babson Survey Research Group.
Ardoin, N. M., Clark, C., & Kelsey, E. (2013). An exploration of future trends in
environmental education research. Environmental Education Research, 19(4),
499-520.
Ardoin, N. M., Bowers, A. W., Wyman, Roth, N. W., & Holthuis, N. (2018).
Environmental education and K-12 student outcomes: A review and analysis of
research. The Journal of Environmental Education, 49(1), 1-17.
Barouki, R., Kogevinas, M., Audouze, K., Belesova, K., Bergman, A., Birnbaum, L.,
Boekhold, S., Denys, S., Desseille, C., Drakvik, E., Frumkin, H., Garric, J.,
Destoumieux-Garzon, D., Haines, A., Huss, A., Jensen, G., KArakitsios, S.,
Klanova, J., Kosela, L., Laden, F., Marano, F., Matthies-Wieslerr, E., Morriss, G.,
Nowacki, J., Paloniemi, R., Pearce, N., Petersr, A., Rekola, A., Sarigiannis, D.,
Sebkov, K., Slamu, R., Staatsen, B., Tonne, C., Vermeulen, R., & Vineis, P.
(2021). The covid-19 pandemic and global environmental change: Emerging
research needs. Environment International, 146, 106272
Bradshaw, C. J., Brook, B. W., & McMahon, C. R. (2007). Dangers of sensationalizing
conservation biology. Conservation Biology, 21(3), 570-571.
Brown, W. J. (2010). Steve Irwin’s influence on wildlife conservation. Journal of
Communication, 60, 73-93.
Carleton-Hug, A., & Hug, J. W. (2010). Challenges and opportunities for evaluating
environmental education programs. Evaluation and Program Planning, 33, 159164.

140

Ceballos, G., Ehrlich, P. R., & Raven, P. H. (2020). Vertebrates on the brink as indicators
of biological annihilation and the sixth mass extinction. Proceedings of the
National Academy of Sciences of the United States, 117(24), 13596-13602.
Cheng, Y., Lou, S., Kuo, S., & Shih, R. (2013). Investigating elementary school students’
technology acceptance by applying digital game-based learning to environmental
education. Australasian Journal of Education Technology, 29(1), 96-110.
Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, phone, mail, and
mixed-mode surveys: The tailored design method. (4th Edition). John Wiley and
Sons Inc.
Ernst, J. A., Monroe, M. C., & Simmons, B. (2012). Evaluating your environmental
education programs: A workbook for practitioners. North American Association
for Environmental Education.
Frost, C. C. (1993). Four centuries of changing landscape patterns in the longleaf pine
ecosystem. Proceedings of the Tall Timbers Fire Ecology Conference, 18, 17-43.
Gilliam, F. S., & Platt, W. J. (1999). Effects of long-term fire exclusion on tree species
composition and stand structure in an old growth Pinus palustris (longleaf pine)
forest. Plant Ecology, 140, 15-26.
Griffee, D. T. (2005). Research tips: Interview data collection. Journal of Developmental
Education, 28(3), 36-37.
Gustafson, D. J., Harris-Shultz, K., Gustafson, P. E., Giencke, L. M., Denhof, R. C., &
Kirkman, L. K. (2018). Seed sourcing for longleaf pine herbaceous understory
restoration: Little bluestem (Schizachyrium scoparium) and hairy lespedeza
(Lespedeza hirta) restoration genetics. Natural Areas Journal, 38(5), 380-392.
Hardesty, J. L. (1999). Scientific coordination and adaptive management and
experimental restoration of longleaf pine community structure, function, and
composition. U.S. Army Medical Research and Material Command.
Harper, C. J. (2018). Vocabulary instructional strategies in a middle-level science
classroom. Reading Improvement, 55(4), 127-134.
Howard, J. (1999). Research in Progress: Does Environmental Interpretation Influence
Behaviour through Knowledge or Affect? Australian Journal of Environmental
Education, 15, 153-156.

141

Jung, Y., Beck, H. W., Bannister, M., Cropper, W. P., & Staudhammer, C. (2010). Virtual
learning environment: An application to the longleaf pine ecosystem. Paper
presented at the 2010 Pittsburgh, Pennsylvania, June 20-June 23, 2010, pp. 1.

Landers, L., Van Lear, D., & Boyer, W. (1995). The longleaf pine forests of the
Southeast: Requiem or renaissance. Journal of Forestry, 93(11), 39-44.
Marynowski, S. B., & Jacobson, S. K. (1999). Ecosystem management education for
public lands. Wildlife Society Bulletin, 134-145.
McKenzie-Mohr, D., & Schultz, P. W. (2014). Choosing effective behavior change tools.
Social Marketing Quarterly, 20(1), 35-46.

McLellan, E., MacQueen, K. M., & Neidig, J. L. (2003). Beyond the qualitative
interview: Data preparation and transcription. Field Methods, 15(1), 63-84.
Means, D. B. (2006). Vertebrate faunal diversity of longleaf pine ecosystems. In Jose, S.,
Jokela, E. J., & Miller, D. L. (Eds.), The longleaf pine ecosystem: Ecology,
silviculture, and restoration (pp. 157-216). Springer.
Monroe, M., & Adams, D. (2012). Increasing response rates to web-based surveys.
Journal of Extension, 50(6), 6T0T7
Monroe, M. C. (2003). Two avenues for encouraging conservation behaviors. Human
Ecology Review, 113-125.
Monroe, M., & DeYoung, R. (1994). The role of interest in environmental information: A
new agenda. Children’s Environments, 11(3), 243-250.

Nanda, S. S. (2018). Women and natural resource management A conceptual analysis.
National Geographical Journal of India, 111.
Orr, D. W. (1991). Ecological literacy: Education our children for a sustainable world.
State University of New York Press.
Outcalt, K. W., & Sheffield, R. M. (1996). The longleaf pine forest: Trends and current
conditions. United States Forest Service: Southern Research Station.
Outcalt, K. W., & Sheffield, R. M. (1996). The longleaf pine forest: Trends and current
conditions. United States Forest Service: Southern Research Station.
Patrick, P., & Matteson, S. (2018). Elementary and middle level biology topics: A
content analysis of science and children and science scope from 1990 to 2014.
Journal of Biological Education, 52(2), 174-183.

142

Petty, R. E., Wegener, D. T., & Fabrigar, L. R. (1997) Attitudes and attitude change.
Annual Review of Psychology, 48, 609-647.
Singh, H., & Rahman, S. (2012). An approach for environmental education by nongovernmental organizations (NGOs) in biodiversity conservation. Proceedings of
the Social and Behavioural Sciences Meeting, 42, 44-152.
Steinberg, L., Bornstein, M. H., Vandell, D. L., & Rook, K. S. (2010). Lifespan
development: Infancy through adulthood. Wadsworth.
Story, T. (2019). Barriers and facilitators to engagement with environmental education
field-trips in the Congaree biosphere reserve: A spatial perspective. Clemson
University Libraries.
Tilbury, D. (1995). Environmental education for sustainability: Defining the new focus of
environmental education in the 1990s. Environmental Education Research, 1(2),
195-212.

Van Lear, D., Carroll, W., Kapeluck, P., & Johnson, R. (2005). History and restoration of
the longleaf pine-grassland ecosystem: Implications for species at risk. Forest
Ecology and Management, 211(2), 150-165.
Walker, J. (1998). Ground layer vegetation in longleaf pine landscapes: An overview for
restoration and management. Proceedings of the Longleaf Pine Ecosystem
Restoration Symposium, 9, 2-13.
World Health Organization (WHO). (2021). Naming the coronavirus disease (COVID19) and the virus that causes it. Retrieved from
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technicalguidance.
Zais, M. (2014). South Carolina academic standards and performance indicators for
science. South Carolina Department of Education.

143

TABLES
Table 1. The parameters of the three lessons designed for the website (ecoedwithellie.com). These are meant to increase
environmental literacy on the longleaf pine savannah, increase affinity for the longleaf pine savannah and the general
outdoors, and provide an example of a green behavior lifestyle action or change. Two videos were created for each lesson and
were given the same lesson title but an additional numerical description to signify order of operation (i.e., 1 and 2). Lessons
were aligned with the South Carolina Academic Standards and Performance Indicators for Science (Zais, 2014).
Lesson Title
Disturbance:
What Happens
Next?

Ecological
Process
Discussed
How natural
disturbances,
like fire,
maintain and
diversify an
ecosystem.

Experiment/Activity Materials
Conducted
Required
Miniature
ecosystem
experiment, where
soil collected from
the participant’s
yard into a small
container, placed in
varying amounts of
sunlight, and
observed for
response (seedlings,
insects, etc.) over
time.

• Three
identical
cups (ex.
Yogurt
cups)
• Spoon
• Pencil
• A yard or
outdoor
space
• Water
collector
• Time
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Environmentally South Carolina State
Conscious
Standards
Behavior Action
Reusing and
• Gr. 5: 5.S.1A.1-8,
recycling
5.L.4A1-2,
materials
5.L.4B.4
• Gr 6: 6.S.1A.1-8,
6.L.4A.1,
6..L.5B.4-5
• Gr. 7: 7.S.1A.1-8,
7.L.3B.2,
7.EC.5A.1-3
• Gr. 8: 8.S.1A.1-8,
8.E.5C.1
• Bio. 1: H.B.6A.1-2,
H.B.6C.1

Bugs and
Biodiversity

A diverse
plant
community
makes a
diverse
animal
community
possible.

Pitfall paper bag
traps and sound
surveys were used
to compare the
insect communities
of an area with high
plant diversity and
an area with low
plant diversity.

• Two paper
grocery bags
• Two
samples of
the same
food
leftovers
(fruit)
• Paper
• Pencil
• Clock

Composting and
utilizing
reusable/paper
bags

•
•
•

•
•

Thirsty Trees

Differences
between
softwood and
hardwood
trees.

Straw and paper
towel
demonstration to
mimic how different
the water transport
rates are for trees.

• Measuring
cup
• Drinking
cup
• Straw
• Food
coloring
• Paper towel
• Stopwatch

Switching from
single use
plastics to
reusable
materials.

•

•

•
•
•

145

Gr. 5: 5.S.1A.1-8,
5.L.4A.1-2,
5.L.4B.1-4
Gr. 6: 6.S.1A.1-8,
6.L.4A.1, 6.L.4B.13, 6.L.5B.3-5
Gr. 7: 7.S.1A.1-8,
7.L.3B.1,
7.EC.5A.1-3,
7.EC.5B.1-4
Gr. 8: 8.S.1A.1-8,
8.E.6B.1
Bio. 1: H.B.6A.1-6,
H.B.6A.1-2,
H.B.6C.1
Gr. 5: 5.S.1A.1-8,
5.E.3A.1, 5.E.3B.34, 5.L.4A.1-2,
5.L.4B.1
Gr. 6: 6.S.1A.1-8,
6.E.2A.3, 6.L.4A.1,
6.L.4B.1, 6.L.5B.15
Gr. 7: 7.S.1A.1-8,
7.L.3A.1-3,
7.L.3B.1, 7.EC.5A.1
Gr. 8: 8.S.1A.1-8,
8.E.6B.1
Bio. 1: H.B.6A.1-4,
H.B.2B.2,
H.B.6C.1,
H.B.3A.2

Table 2. Example demographic questions specific to the different surveys (i.e., Teacher and Family). Demographic questions
were asked with the goal of providing context for survey responses. For example, students who share the race/ethnicity of the
teacher may be more trusting in stepping out of their comfort zone when exploring the outdoors (Monroe & DeYoung, 1994).
Teacher Survey Questions
Question Type
Question Content
Demographics of
Survey Taker

•
•
•
•

Demographics of
Participating
Students

•
•

Question Type

Family Survey Questions
Question Content

State and county of school
district
Gender
Race/ethnicity
Time spent outside

Demographic of
Survey Taker

•
•
•
•
•

State and county of residency
Relationship to child participant
Highest degree of education
Estimated household income
Time spent outside

Neighborhood type
around school (i.e.,
urban, rural, suburban)
Race/ethnicity

Demographics of
Participating Child

•
•
•

Gender
Race/ethnicity
Grade level

146

Table 3. Example content questions that appeared on both surveys (i.e., Teacher and Family). The questions were utilized to
best understand if this virtual program design achieved the three main goals of environmental education: fostering
environmental affinity, developing environmental literacy, and encouraging environmentally conscious lifestyles (Ernst,
Monroe, & Simmons, 2012; Monroe, 2003; Monroe & DeYoung, 1994). Questions were also designed to understand activity
enjoyment and the ease of participation, as students are less likely to retain knowledge when asked to perform difficult tasks
in seemingly unsafe, unwelcoming spaces (Story, 2019).
Question Type
Environmental Affinity of Participants

Environmental Literacy of Participants

Environmentally Conscious Behavior Change
Encouragement

Enjoyment and Ease of Participation

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Question Content
Time spent outside
Attitude towards exploring the outdoors prior to activity
Attitude towards exploring the outdoors after activity
Able to describe ecological process discussed in lesson
Able to define vocabulary terms
Understands how the experiment/activity explored the
focal ecological process
Discussion on introduced behavior
Further research on introduced behavior
Made a plan on implementing the introduced behavior
into daily life
Started doing the introduced behavior
Easily able to find materials needed for lesson
Enjoyed the lesson videos
Enjoyed conducting the experiment
Website layout is navigable
Website is aesthetically pleasing
Recommend this website to others

147

Table 4. Number of site visitors by state from November 10, 2020 (the start of contacting
SC teachers and posting the site online) to June 1, 2021.
State
South Carolina
North Carolina
Pennsylvania
Virginia
Georgia
Maine
Florida
New York
Colorado
Kansas

Number of visitors
198
13
7
7
6
6
6
5
4
4
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Table 5. Qualitative data assessment where respondent messages and feedback were categorized based on the main goals of
the study. Most of the feedback received came from South Carolina residents who fulfill roles such as 7th grade science
teachers, Project Learning Tree Coordinators, and Student Data Managers, and who worked for organizations such as the
Sonoco Recycling Center, Environmental Educator Association of South Carolina, and the South Carolina Forestry
Commission. We found that the majority of the messages we received aligned with at least one of the study goals.
Respondent Quotes

“Your lessons are fun and informative. And I love the
way you included everyday activities like recycling
and composting.”
“As a teacher educator and former middle school
science educator, I wanted to commend you on Eco
Ed with Ellie as one of the best virtual classroom
programs in SC.”
“[Lessons] contain just what teachers and students
need: personal connections to capture
attention…Talk is minimal and demonstrations are
easy to conduct in any classroom.”
“Introductions and explanations of concepts [and]
how questions lead to hypotheses, are clear and
forthright.”
“Your website looks fantastic! Thank you so

Environmental Environmental Conservation
Engaging and
Literacy
Affinity
Behavior
Enjoyable
Change
Encouragement
X
X
X
X

X

X

X

X

X

X

X
X

much for sharing this resource you made! I look
forward to going through some of this material
with my students…”
“Your information sounds super interesting and
relevant for my 7th graders when study ecology at
the end of the year.”

X

X
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X

“Excellent resources. Being a native south
Carolinian I am very interested in the reintroduction
of the longleaf pine ecosystem.”
“Your website is excellent! Love your plants and
kitty.”
“THANK YOU for creating and sharing your terrific
website full of learning opportunities. I can't wait to
explore it!!”

X

X
X

X

X
X
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FIGURES

Figure 1. Various silly details were added into videos to keep them light and interesting
to a younger audience. Wes the cat was solicited for every video introduction and various
activities, outfits tended to be outlandish, and props (most often houseplants) were
utilized to not only increase aesthetic but also provide examples to discuss ecological
principles.
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Figure 2. A heat map highlighting site traffic to ecoedwithellie.com from November 10,
2020 to June 1, 2021. Most site visitors are in the Carolinas, however there were visitors
from across the United States and a few from different countries (i.e., Canada, Germany,
and the United Kingdom).
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Figure 3. Women are still considered a minority in STEM disciplines, including the
natural resource professions (Nanda, 2018). The goal of including other women forestry
graduate students was to highlight how women can be ecologists too and to provide an
example for students who may be interested in the profession but don’t see themselves in
it. Students are more apt to be interested in and learn from adults they identify with.
(Monroe & DeYoung, 1994).
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